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JlaboparopHas pabora Nel. HMccnemoBaHHe CIIOKHBIX IIENEH ITOCTOSHHOIO
TOKAa

JlaBoparopHas pabora Ne2. IlocimemoBarellbHOE COEOMHEHHE AKTHBHOIO,
HHIYKTHBHOI'O H EMKOCTHOI'O COITPOTHBIIEHHU. Pe30HaHC HAITP SLKEHHI
JlaGoparopHas pabora Ne3. DJIeKTpHYeCKas 1IEIb CHHYCOHAIEHOIO TOKA IIPH
IapayielIbHOM BKIIFOUEHHH aKTHBHOI'O H PeaKTHBHEBIX COITPOTHBIIEHIH.
JlabopaTtopHasgs pabora Ned. HccnemoBaHme TpexdasHOH CHCTEMBI IIPH
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JlaboparopHasa padora Ne6. HMccrnegoraHne JTHMHEHHOH 3JIEKTPHYECKOH IETIH
ITPH TIEPHOIMYECKOM HECHHYCOHIAIILHOM HaIIPSKEHHH

JlaboparopHas pabora Ne/. MccnemopaHiie IepeXOqHbIX IIPOLIECCOB B L[EIH C
€MKOCTBIO

JlaBoparopHas padora Ne8. [Iepexomusie nporieccsl B R-L-C KOHTYpE
JlaGopaTopHas paGora Ne9. UcnmiTaHne ogHOo(]a3HOro TpaHchopMaTopa
JlaBoparopHas padora Nel 0. McrmsiTanne gBHraTeneH IOCTOSHHOIO TOKA
JlabopatopHasg pabGora Nell. Hcmeiranue TpexdasHOro acHHXPOHHOIO
BIEKTPOJABHUIATEILSA C KOPOTKO3aMKHYTEIM POTOPOM

Yacte 1. CHarHe H oIpejielleHHe XapaKTepHCTHK Xomocroro xoga Ip=f(U),
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KOPOTKO3aMKHYTEIM POTOPOM

acte 2. Ilyck B xXoa Tpex(a3HOro acHHXPOHHOIO JBHIATelsd C
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KOPOTKO3aMKHYTEIM POTOPOM

5 YyeOHO-MeTOAHYECKOe H HHPOPMAIIHOHHOE 00eCIieYeHHe JHCIUIUTIHEI

5.1 IlepeyeHr OCHOBHOH H JOIIOIHHTEIPHOH JIMTEPATYPhl, HEOOXOIHMMOH I
OCBOEHHS JUCIHIUIHHEI

5.2 IlepeueHpr yueOHO-METOAHYECKOrO OOECIIEYEHHS CAMOCTOSATEIIbHOH PadoTEI
OOVYYAFOIIXCS I10 JHCIAILIHHE

5.3 [lepeyeHr  pecypcoB  HH(]OPMAI[HOHHO-TEJIEKOMMYHHKAIIHOHHOH  CETH
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BeeneHie

[lenpro paboTH B J1a00paTOPHH SBISETCS YIIIYOIeHHe H 3aKpeIllIeHHe ITPHOOpeTeHHBIX
TEOPETHYECKHX 3HAHHH ITYTEM SKCIIEPHMEHTAIbHOH IPOBEPKH TEOPETHUYECKHX ITIOJIOXKEHHI, a
TaK’Ke 3HAKOMCTBO C SIEKTPOHHBIMH KOMIIOHEHTAMH, OOOPYIOBAaHHEM, H3MEPHTEIBLHBIMH
IIpHOOPaMH H aIllapaTypoH, HCIIOIB3YEMBIMH B JIa00paTOPHH.

B pesyinbpTare BRINOIHEHHMS J1a0OPAaTOPHBEIX padoT CTYAEHTH MOINKHBEI IIPHOOPECTH
YMEHHSI H HAaBBIKH II0 COOPKE M HCCIEIOBAHHIO BJIEKTPOHHBIX CXeM H IIPHOOPOB, H3MEPEHU M
SIEKTPHYECKHX BeIMYHMH. TeMarTnmka 1alopaTOpHBEIX PpadoT IIOMHOCTBED COOTBETCTBYET
CONEPKAHHIO OCHOBHBIX Pas3lIelIOB Kypca, H3YYAaeMOI'O B BEICIIHX TEeXHHYECKHX VYUeOHBIX
3aBelleHHSX. B npeanaraecMoM yueOHOM ITOCOOHMH OIMMCAaHO OAMHHAIIAThL I1adopaTopHEIX pador.
B ommcannu xaxmol nadopaTOpHOH paOoTH c(pOpMYIHpOBaHa €€ I[elb, H3TI0KEHBI OCHOBHBIE
TEOPETHYECKHE ITOIIOKEHHS, OIMCaHa CXEMa YCTAaHOBKH IS IIPOBENEHHS 3KCIIEPHMEHTAIIBHOI'O
HCCIIENOBAHHS, JAaHBI PEKOMEHJAIMH II0 IIPOBEAECHHIO OIILITOB H 00pabOTKe pe3yiIbTaToB

HBMEPEHIIﬁ:, d TAKYKE KOHTPOJIbHBIC BOITPOCHI.
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1. Ilens u 3a0 auu u3yueHus OUCUUNIUHBL

[{[enpr0 OCBOEHHS  JUCHHIUIHHBI  «OJEeKTPOTeXHHKa»  SBISETCA  IPHOOPeTEeHHE
OOYyYarOIMMMICS OOINEITPO(eCCHOHAIFHBIX H IIPOPECCHOHAIbHBIX KOMIIETEHI[HII B OOJIaCTH
COBPEMEHHOH  BIEKTPOTEXHHKH  HEOOXOAMMBIX JUIS  YCIEIMHOH  ITpodecCHOHAIbHOM
IeATEIIbHOCTH CIIEI[HAIHCTOB.

3agauyaMHi H3YYeHHS JUCITUIDIHHEL « OIeKTPOTEXHHKA» SBISIOTCS. HAYYHTh CTYAEHTOB:

. OCBOEHHE  CTYJeHTaMH OOINeH METONHKH IIOCTPOEHHS  CXEMHBIX H
MaTeMaTHYeCKIX MOJIeNeH IMeKTPHYeCKHX LIeTIel,

. H3YYEHHE COBPEMEHHBIX METOJOB AaITOPHTMH3AIHH PEINeHHS OCHOBHBIX
AIEKTPOTEXHIYECKHX 3a/1aY;

. O3HAKOMIIEHHE CTYAEHTOB C OCHOBHBIMH CBOHCTBAMH THIIOBBIX 3JIEKTPOHHBIX
I[ETIEH IIPH XapaKTePHBIX BHEIITHHX BO3JEHCTBHSX,

. BbIpa0OTKa  IIPaKTHYECKHX HABBIKOB  AQHAJHTHYECKOrO, YHCIEHHOIO H
SKCIIEPHMEHTAIbHOIO HCCIEeJOBAHHS XapaKTepPHCTHK I[elleH H OCHOBHBIX ITPOIECCOB,

ITPOHCXOIAIIIX B HHX.

2. Obopyooearite u mamepuaisl

ArmapaTHbIe CpeICTBa:

— KoMruiekT THIIOBOr o j1abopaTopHOro o00pyI0BaHHS « OIIEKTPOTEXHIYECKHE MAIIIHHEL)

— Komruiexkr TtHIIOBOro maboparopHoro oOOpyHOBaHHS «TeOpeTHYeCKHE OCHOBBI
AIEeKTPOTEXHIKID

— YYeOHBIN CTeH « I eOpHs 3JIEKTPHYECKHX IETIEH H OCHOBBI 3JIEKTPOTEXHHKH »

YueOHasa ayaquTOpHS IJIS IIPOBEAEHHS YUeOHBIX 3aHSATHIH, OCHAIlleHa OO0OpPYAOBAaHHEM H

TeXHHYECKHMH CcpeJcTBaMH 00y4eHHA. [lepeHOCHONH HOYTOYK, ITPOEKTOpP, JOCKAa MarHHTHO-

MapKepHasl.
3. Haumenoearnue n1ad opamopHslx padbom
No Temnbl N3 HHX
HanmeHoOBaHHE TeM JHCIHIIIMHEL, HX KPAaTKOE O0beM
JTH CITHITIHH ITpaKTHYECKas
COIEPKaHHE YJaCOB
bl IIOAT OTOBKA, YaCOB
3 ceMecTp
OOKYMEHT MOAMUCAH Hccnenosanme 3
SNEKTPOHHOW NOANMUCHIO ea
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 e
Bnageneu: lebayxoea TatesHa AnexkcaHapoeHa H GﬁDpI{H CXEM
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Ierell ITIOCTOSHHOTO TOKa C HCITOIh30BaHHEM
3akoHa OMa, TIIepBOr0O H BTOPOrO 3aKOHOB
Kupxroda.

JIabopaTopHan padora Ne 2.
[locnemoBarenpHOE  COEJQHMHEHHE  AKTHBHOIO,
HHIVKTHBHOIO H €MKOCTHOI'O COITPOTHRIIEHHH.
Pe30oHaHC HalpsoKeHIH .

OMBITHAS IIPOBEPKA OCHOBHBIX COOTHOIIEHHIT
IUIS TIOCIIENOBATEIIBHOMN IIEITH TIEPEMEHHOIO TOKA,
oOmagaroell  AKTHBHBIM, HHIYKTHBHBIM H
EMKOCTHBIM COITPOTHBIIEHHSIMH.

JIadopaTopHas padGora Ne 3. DOjekTpHuecKkas
I[eIlh CHHYCOHIAJIBHOIO TOKA ITPH ITapaUIebHOM
BKITIOYEHHH AKTHBHOI'O H  PEaKTHBHBIX
COITPOTHBJIEHHH.

OKCIIEpHMEHTaIbHAas IPOBEPKAa  3aBHCHMOCTH
AKTHBHOI'O H PEAKTHBHBIX COIIPOTHBIIEHHMH OT
YAaCTOTBI, a TaKKEe COOTHOIIEHMI MeXKIY
HAIIPSKEHHEM, COIMPOTHBJIEHH SIMI,
IIPOBOAMMOCTSIMH M TOKaMH B IEIH C
ITapajlfIelIbHO BKITFOY €HHBIMH AKTHBHBIM
COIPOTHUBIIEHHEM, KaTVYIIKOH HHIYKTHBHOCTH H
KOHJIEHCAaTOPOM.

JIabopaTopHas padora Ne 4. HccnemoBaHiue
TpeX(pa3sHOH  CHCTEMBI IIPH  COEJHHEHHH
IOTpeOHTENEH 3BE3OM.

O3HAaKOMHTBCH OITBITHBIM ITyTEM C
OCOOEHHOCT SIMH COEIUHEHHS 3BE3OMN
IIPHEMHHKOB 3JIEKTPHYECKOH DHEPTHH B IIEIH
TpexX(pasHoro Toka. KccimemoBarh — pesKHMEL
PaBHOMEPHOH H HEPaBHOMEPHOM HarpysokK, a
TaKke padoTy CHCTEMBI ITPH OOPBIBE OMHOH M3
¢a3. IlomydnTh IMpaKTHYECKHE HABBIKH pacyeTa H
HCIIBITAHHS Tpex(daszHbeIX IeNeH, a TaKxKe
IIOCTPOEHNS BEKTOPHEBIX JIHATPAMM.

JIabopaTopHass padGora Ne S. HccnemoBaHue
JTHHEHHOH BIIEKTPHYECKOH LIEITH TIPH
I1e PHOIIYE CKOM HECHHYCOHIAaIIbHOM
HAIIPSKEHHH

PaccMOTpeTh 3JIeKTpHYECKas IEIB COCTOSIIYIO
3 IIOCIIEAOBATEILHO BKIIFOUEHHBIX
HHIYKTHBHOIO, €MKOCTHOIO H  aKTHBHOI'O
COITPOTHBIICHII.

Jladboparopnasa padora Ne 6. HMccnemoBanie
TIe peXOAHBIX ITPOI[ECCOB B IIEIMH C EMKOCTBIO.

3aKpelryieHHe METOAHKH pacyéTa IIepeXOMHBIX
IIPOIIECCOB KJIIACCHYECKHM METOJIOM B IIEIIX,

COATANATIIIY . AMETNCTE  TIAaRTUUaCcKaq IIPOBEPKa

OJOKYMEHT NnoanmnucAH
SNEKTPOHHOM NOAMNUCHIO

Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6 HUccrnenoraHie
Bnageneu: Lllebayxoea TatkaHa AnekcadHgpoBHa 3 eI C
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3akperyleHHe METOAHKH pacyéra IIepeXOIHBIX
IIPOIIECCOB  KITACCHYECKHM METOJOM B IIEIIX,
COJiep KalllHX HHAYKTHBHOCTh, ITPAKTHYECKas
IIPOBEPKA PE3YILTATOB pacuéra.

JIabopaTopHass padora Ne 8. IlepexomHrie
nporiecchl B R-L-C KoHTYpe.

HMccnegopare  IEpexXOmHBIE  TIPOLECCHI B
3JIEKTPHYECKOH I[EITH, COCTOMIIEH U3
8 IIOCIIEAOBATEIIbHO  BKIIOUEHHBIX  aKTHBHOI'O
COIPOTHUBJIEHHS, HHIYKTHBHOCTH H EMKOCTH,
OITpe AETINTh 3aBHCHMOCTB Xapakrepa
[IEPEXOMHOIO  IIpoIecca OT  COOTHOIIEHHS
BEJTHYMHEI IIAPaMETPOB AIIEMEHTOB CXEMBI.

1,5

JIabopaTopHass pabGora Ne 9. UcmmiTaHue
oJHO(pa3HOro TpaHCc(pOopMaTOopa.

9 O3HAKOMHTBCSI C KOHCTPYKIHEH, MeTOJaMH
HCIIBITAHHS H  OIIPEJElIEHHS XapaKTEepPHCTHK
TpaHC(OPMATOPOB.

1,5

JIadbopaTopHas padora Ne 10. HWcrmiTaHue
IIBHTaTelleH ITOCTOSHHOIO TOKA.
10 O3HAKOMHTLCSI C KOHCTPYKIHEH, MeTOJaMH
HCIIBITAHUS M OIIPEJIE]IEHHS XapaKTEepHCTHK
IBHUTaTeIIeH ITOCTOSHHOI O TOKA.

1,5

Jladboparopnaa padora Ne 11. Hcrmitanue
TpeX(]pa3HOro aCHHXPOHHOI'O 3MeKTPOJABHIATEN] C
KOPOTKO3aMKHYTEIM POTOPOM.

O3HAaKOMHTBCS C KOHCTPYKI[HEH, MeTOJaMH
ITycka M XapaKTepHCTHKaMH aCHHXPOHHOI'O
BIEKTPOABHTATENIS

11

HT1oro 3a 3 cemectp:

27

Hrtoro:

27
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4. Cooepacarue 1adopamopHslx pao om

Jlabopamopnas paboma Nel. Hccneodosanue CoMNCHBIX Henel NOCMOAHHOZ0 MOKA

Ilens pabomer: 11oyynTh ITPAaKTHYECKHE HABBIKH COOPKH CXEM JIS SKCIIEPHMEHTAILH OH
IIPOBEPKH M pacyeTa IIeNeH ITOCTOSHHOIO TOKa C HCIIONB30BAaHHEM 3aKOoHa OMa, IIEpBOro H

BTOPOI0 3aKOHOB Kupxroda.

OcHo6bl meopuu.:
CIOXKHOH LEMNBIO IOCTOSHHOIO TOKA HA3BIBAIOT IIEKTPHYECKYIO IEIh, COCTOSIIYIO H3
HECKOIBKHX COIIPOTHBJIEHHI H HCTOYHHKOB HAIIPSDKEHHS, COEMHHEHHBIX MEKIY COOOH TEM HJIH
HHBIM CITOCOOOM.

Y311oM BJIEI{TPHIIEGI{Gﬁ IO Ha3bIBACTCAHA MCCTO COCOHHCHITA TPCX H OoJiee BeTBEH IIEITH.

'y

[Ipn HamuuH B cXeMe 7 TAaKHX Y3JI0B MOJKHO COCTaBHTh \n—1) ypaBHEHHIH COITIaCHO

IIEPBOMY 3daKOHY KIIPXI‘G(I)&. B COOTBETCTBHH C 5THM 3aKOHOM CYMMd TOKOB, ITOAXOJAIIIX K

Y3JIY, PpdBHd CYMME TOKOB, OTXOIAIIIX OT Yy3Jla, HIIH ElJII‘EﬁpElH‘IEGI{ﬂH CYMMd BCCX TOKOB B Y3JIC

paBHa HYIIIO, T.€. 21=0 [Ipu 5TOM HEOOXOAHMMO TOKH, ITOAXOJSINHE K Y3IIY, 3aIlMChIBATEL B
ypaBHEHHE C OJHHM 3HAKOM (HallpuMep «+t»), a TOKH, OTXOASMINHE OT Vy3lIa — C
IIPOTHBOIIOJIOKHEIM 3HAKOM.

[Ipn mocnemoBaTEeIbHOM COSJHHEHHH HEeCKOIBKHX CONMpOoTHBIeHMi (puc. 1.1 a) oOmee

COIIPOTHBIICHIIC  VYHYACTKd PdBHO CYMMCE BCCX  COIIPOTHBIICHI [I Ha 5TOM YHACTKC.

R,=R,+R,+R,

. Tok Ha YHACTKE LICIIH ¢ HECKOJIbKHNMIIL ITOCIICAOBATCIIbHO COCIHHCHHBIMH

COIPOTHBIIEHHSMH OyJIeT paBeH (110 3aKoHy OMa):

R R> R3

Prcynok 1.1 — IlocnemoBarensHoe (a) B ImapanienbHoe (0) coeIHEHHE COMPOTHRISHII

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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[Ipn mmapannenbHOM COEQHHEHHH JBYX COIPOTHBIEHHH (pHC. 1, 0) SKBHBAJIEHTHOE

. _RoR,
? R,+R,

COIIPOTHRIIEHHE OITpeJeNsIeTcs II0 (pOpMYIIE:
Ecm n3BecTeH TOK Jp, IIPOTEKAIOII 110 HEPA3BETBIEHHON YaCTH IIEIH, TO TOKH [; U I B

COMPOTHBIEHNIX R; 1 R> MOKHO OIIPEEIIHTD IT0 (POPMYIIaM:

RE
I,=I,
R, +R,
Rl
L=1I,
R, +R,

[Ipn Tpex mapamielTbHO BKIIOYEHHBIX COINPOTHBIEHHAX (pHC. 1.2) SKBHBAIEHTHOE
COITPOTHRIIEHHE OYIET PABHO:
R = Rl'Rz'Ra
5 R. . .
R1 R2+R2 R3+R1 Ra

BeTBBIO AIEeKTPHYECKOH IIeIH Ha3bIBAETCS YUACTOK AIIEKTPHYECKOH IIEITH, 3aKIF0OYEHHBIH
Me KDy IBYMS y3lIaMH (HaIlpHMep, KOHTYP abefa Ha puc. 1.3).

B kakmoM KOHTYpe MeKIy SIeKTPOABHIKYIIIHMH CHIAMH (3.71.C.), HMEIOITHMHCS B IEITH,
H TaJeHHSIMH HalpsKeHHsS Ha OTJSIBHBIX VYYacTKaX CYIIeCTBYeT CTPOro OIpejelieHHas

3aBHCHMOCTD, OIIpCAciIACMAA BTOPBIM 3daKOHOM KIIp}{I‘G(bElZ

2E=XIR

2

T.e. amre0paHyecKas CyMMa SJIeKTPOABHKYINHMX CIJI B JAaHHOM KOHTYpPEe paBHa
arreOpanyecKOH CYMME TTaJIeHHI HAIIPSKEHHH Ha YYacTKaX IEIH 3TOro KOHTYpa.

Jlma Toro, 4ToOBl IIPAaBIIBHO 3alHcaTh YpaBHEHHE II0 BTOPOMY 3akoHY Kupxroda,
HeOOXOANMO 3aJaThCs HaIlpaBJIeHHeM O0XOoJa 3TOro KOHTypa (HallpHMeEp, IO XOAY 4YaCOBOMH
cTpenkH). Ecmm rnmpn o0xofle KOHTypa HallpaBJIeHHe 3.J.C. COBIIaJacT C HallpaBIeHHEM 00XO0/Ia,
TO €€ 3aIlCBIBAIOT B JIEBYIO YaCTh YPaBHEHHS CO 3HAKOM «+», a €CIIH €€ HaIlpaBJIEHHE HE
COBIIAJIAcT C HAIlpaBIIEHHEM O00XO[a, TO €& CUHTAIOT CO 3HAKOM «—». AHAJIOTHYHO ITOCTYIIAIOT CO
3HaKaMM TIaJcHII HampsDKeHM. Eci HampaBlIeHHe TOKa Ha VY4YacTKe IIEIH COBITQacT C
HampaplieHHeM 00xXoma, TO /R Ha 3TOM VY4YacTKE 3aIlHCBIBAIOT CO 3HAKOM «+», B IIPOTHBHOM
CIIy4Yae — CO 3HAKOM «—).

[ToxaxeM 310 Ha rpuMepe (pHc. 1.3)

1. JInsg koHTVDA abefa. corenImiag 00X0JI IO YaCOBOH CTPeJIKe, TTOTYYHM:
NOKYMEHT NOAMMCAH

SNEKTPOHHOW NOANMUCHIO Il R 1+ 13 RS

Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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E.=1,R,+1,R,
3. JIng xoHTYpa abcdefa, coBepirasgs 00X0J IO YaCOBOH CTPENKe, ITOITYUHM:

E,~E,=I,R,—I,R,

Ykazarnue no mextiike dezonacHocmit:

YKazaHHsS TII0 TeXHHKe Oe30IIacCHOCTH IIPH  BBIITOJIHCEHHH HﬂﬁﬂpﬂTﬂpI{BIK pElﬁGT

ITPHECACHEBIL B ITPHIIOKCHHC A.

VYKazanua no 6vinoiHeHUI0 140 0pamopHoil pao omal:

1. [IomoGpars rmpHOOpEI, HEOOXOAHUMEBIE JJIS BBEIITOIHEHHS PadOThI, 03HAKOMHTHCS C
HIMH M 3aIlHcaTh TeXHHYeCKHe JJaHHBIE HCTOUYHHKOB 3.71.C., PeOCTaTOB, H3MEPHTEIBHBIX
ITPHOOPOB.

2. CoOpaTh cxeMy IS IIPOBEPKH MepBoro 3akoHa Kupxroda (prc.1.2). YcTaHOBHTE
MAKCHMaJIbHbIE 3HAYEHHS COITPOTHRIIEHHII PEOCTATOB H H3MEPHTD II0CTIE 3aMBIKaHH S Kitroua Kl
TOKH B IApaUIeIbHBEIX BETBSAX M OOINMMI TOK Iferm [0. Pesynbrarel H3MEpPeHHIH 3aHECTH B

Tabmury 1.1.

io + R
+ .Y &
Ao i * R,

Kt
~

PrcyHok 1.2 — CxeMa A1 IMPOBEPKH IIepPBOro 3aKkoHa Kupxrodga

B omeite 1.2 cnemyeTr HnepellBHHYTH IIOI3YHKH PEOCTATOB ITPOH3BOJIBLHO, HaOTHOAAL,
yTOOBI CTPEJIKH aMIIEPMETPOB HE 3aIlKaIHBaIIH.

Tabmmma 1.1 — Pesynerarsl H3MepeHHH H BEIYHCIIEHHH

AOKYMEHT NMOA4nncCAH
SNEKTPOHHOW NOANMUCHIO
Ceptudukart:, 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

PesynbTaThl BRIYHCIIEHHH

Rj R_? .RS' R} Jo

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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En. m3m. A A A A B Om Om Om Om

R
o,

OrmpIT 1

OrmIT 2

OIBIT 3

Ilo 3dKOHY OMa BBIYHCIIHTD COIIPOTHBJIICHHE KaXJ0I'0 PcoOCTdTd H 3KBHBAJICHTHOC

COITPOTHBIICHIIE CXCMbI R > BBIUHCIHTE OTHOCHTCIIBHVIO IIOT'PEITHOCTD IIBMEPEHIIﬁ Vo % T1I0

dopmye:
I,—(1,+1,+1
y=— i+ L, 3)-100%
I, \
3. CoOparts cxemy (pHc. 1.3) 111 mpoBepKH BTOPOro 3akoHa Kupxroda.
F
a P g A C

o) ; "

f = o

PrcyHok 1.3 — Cxema JJ1g IIpoBepKH BTOPOTO 3aKkoHa Kupxroda

[Ipn pa3zoMKHYTBIX pyOHIBHHKax P, H P, H3MepHTh BOIBTMETPOM BEIHYHHEI 3.1.C.

KaKI0ro aK gropa. CorpoTHBIeHH] peocTaToB R 1. R 1 Rs H3MepHTs ovMeTpoM. TOKH Ha
rl

OTACJIBHBIX YHACTKAX IICITH H3MCPHTE IS TPEX CIIVHACEB.

OnpIT 1 — pyOuinsHUK P 3aMKHYT, P> — pa3sOMKHYT.
OneIT 2 — pyOWIbHHK P> 3aMKHYT, P — pa3soOMKHYT.

OmnepIT 3 — 06a pyOHibHEKA P; o P> 3aMKHYTHI.

PEB}’J’JI:-THTLI HBMEPEHIIﬁ H H3BCCTHBIC BCJIIHYHHBI BHYTPCHHHX GDHPGTHBJIEHIIﬁ

HCTOUHHKOB 3.J1.C. ¥o; H oy 3aHECTH B TaOIIHITY 2.

Tabmma 1.2 — Pe3yneTarsl H3MEPEHNH H BBIYHCIIEHHI

NOKYMEHT NoanncAH I13BecTHBIE
SNEKTPOHHOW NOAMUCHIO PesybTaThl BRIYHCIIEHHI
Cepruthukar: 12000002A633E3D113AD425FBS0002000002A6 BCJIHHHbI
Bnapeneu; Webayxosa TateAaHa AnexcaHopoBHa U For - R R R IR ”

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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s
.,

OrmpIT 1

OrmIT 2

OrmpIT 3

1o PE3VIIbTATdM HBMEPEHI[FI M BBIUHCIIEHII CHelIaTh BBIBOJ O IIPHMCHIIMOCTH BTOPOTI'O
3dKOHA4 KIIPXI‘G(bEl LI PaCHETa I[ETIEH ITOCTOSHHOI'O TOKA.

BBIUHMCITHTE OTHOCHTCJIbPHVYIO ITIOI'PEHIHOCTD JJIA KaAJO0I'0O H3 TPEX OIIBITOB

_SE-XIR

Vo 100%

J71s1 OTHOr 0 M3 KOHTYPOB ITIPOBEPHTH OaTaHC MOIITHOCTEH:

SEI=SI°R+XI’r,

Codeporcanue omuema:

OT4YeT JOIKEH COAEePKaTh:

1. Haspanue paOoTHI,

[lemp paboThI,

Kparkmne TeopeTHYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOI0 000PYI0OBAaHHSI H MaTePHAJIOB,
I IopsimoK BREIITOITHEHHS PaOOTHI,

BrruncieHns H o0paboTka pe3yIIbTaToR,

NS AW

BBIBOJIEI.

Konmpononsie 6onpoceol:

1. KakxoBa (pu3HdecKas CyIHOCTE IIEPBOI0 H BTOPOro 3aKOHOB Kupxroda?
MareMaTH4yecKoe BEIpakeHHe IIePBOI0 H BTOPOIo 3aKOHOB KHpxroda.
Yro HazeIBaeTCSA HCTOUYHHKOM 3.71.C.7

B yeM cyIIHOCTE OanaHca MOIITHOCTEH ?

YTO HA3BIBAETCS Y3II0M SNEKTPHYECKOH I[ETTH?

AT i

Kak BRIOHparoT HampasieHHsI 00X01a KOHTYPOB?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Javopamopran pavoma Ne2. [locned o6 amenvHoe coeOUHEHUE AKMILEHOZ0,

HHﬂyHIHHﬁ' HOZ20 i EMKOCHIHOZ 0 CﬂHpﬂHEHﬁJIEHHﬁ_. Pe3onanc Hﬂﬂpﬂﬂfﬂfﬂﬂﬂ

Ilens pabomsi: OIBITHAS IIPOBEPKA OCHOBHBIX COOTHOIIEHHH IS ITOCIENOBATEIBLHOH

Inergt - IIEPEMEHHOIO  TOKa, oOlmagaroIer  aKTl [BHBIM, HHAYKTHBHBIM H CMKOCTHBIM

COITPOTHBIICHITSIMII.

OCHO6bL MEOpPUIL:
ITycTh B 1lelb IIeEpeMeHHOI0 TOKa ¢ YacToToi f = 50 [y BKIFOUeHa KaTyIka, o0mIa aromas
HHTYKTHBHOCTBIO L H aKTHBHBIM COITPOTHBIIEHHEM # (pHC. 2.1).

HpH IIPOTEKaHHH TI0 KaTVIIKe ITePEMEHHOIO TOKA i B IIPOCTPAHCTBE, OKPYKAIOIIEM BHTKIH,

6}",I[ET CO3JaBaThCsI MAaTrHHTHBIH ITOTOK @ H IIOTOKOCLIEIUIEHHE ¢ BHTKAMH KaTVYIIIKH.

U=w-D
I'1€c W — HHCIIO BHTKOB KE],T}*'H_II{II.
I
T e
Y
.
" @
@ d
U U |
@ i
|
II|'
Y

EE—
‘ A
f
=1y
@
@
L
U=1x
-
NOKYMEHT NoanncAH ¥
SNEKTPOHHOWM NOAMNUCHIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 cHOBATCIIBHOI'O COCAHHCHILA RulL
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

OTHOIIIEHHE ITOTOKOCIIEIUIEHI ST KaTVIIIKILT K TOKY KaTVYIIKI 1L Ha3pIBaeTCcI COOCTBEHHOH

HHAYKTHBEHOCTBIO HIIH HHAYKTHBHOCTLBIO.

I = Yy _ w'-CD

Ly Ly

Ecm coG¢cTBEHHOE ITOTOKOCIEIUIEHHE ITPOIIOPIIMOHAIBHO TOKY (B cIydae KaTYIIKH Oe3
CTAILHOI'O cepJeuHHKa), To L. = const. OCHOBHOH eJHHHIIEH H3MepeHHS HHIYKTHBHOCTH

sergetcs 'eapu (I'H):

1ry=180

1A 1TW-107°=1mlH

Ecmm TOK B KaTyllKe H3MeHseTcs (HallpHMep, IO CHHYCOHAAIPHOMY 3aKOHY), TO H
ITIOTOKOCIIEIUIEHHEe KaTYIIKH H3MeHSeTCSI M IIO3TOMY B BHTKaX KaTyIIKH II0 3aKOHY

BHEI{TPDMEII‘HHTHDﬁ HHAYKITHH HABOJHTCA 3. 4.C. CAMOHHAYKITHH €.

T.€. HaBOAMMAS 3.J.C. €. IIPEIISITCTBYeT H3MEHEHHIO TOKa ;. Kpome TOoro, KaTyllKa
o0ajaeT HEKOTOPBIM aKTHBHBIM COITPOTHBIIEHHEM T.
[Iprmvensts BTopoH 3akoH Kupxroda 19 MrHOBEHHBIX 3HAYEHHH 5SIEKTPHYECKHX

BEJIHYHH, MOKHO 3allHcaTh:
u+e;=ir
OTCIO/IAa HAIIPSDKEHHE Ha 3aKHMaX L[EITH PaBHO

u=i-r—e,=u_+u,
[IageHHe HaIpsDKeHHS Ha aKTHBHOM COITPOTHBIIEHHH HA3BIBAIOT AKTHBHOH COCTABIISIOIIEH
HAITPpSDKEHHS IWIH aKTHBHBIM HAIIpsDKeHHEeM, a IaJiecHHe HaIlpsoKeHHsS Ha HHIYKTHBHOM
COITPOTHRIIEHHH Ha3bIBAIOT HHAVKTHBHOH COCTABIISIOIIEH HalpsokeHHI. MTIHOBeHHBIE 3HAUeHHS
5THX BeJIHYMH O003HA4yaroT U, M U, a JAeHCTBVIOIHME — cooTBeTcTBeHHO U, m Up. llpu

CHHYCOHJIAIIbHOM 3aKOHE H3MEHEHH S TOKA HAIPsDKEHHE Ha 3a:KHMMax IelH OYAeT paBHO:

d['Imsin ot ]

df ' zrfmsinmt+mLIm¢:Dsmt=

u=1r—EL=rIm51nmt+L
U . 7 . T
tU sinwt+U;, sin |t +2— ,

T.C. MCKIAY aKTHBHBIM H HHAYKTHBHBIM II4aACHITCAMH HAIIPTKCHIA HMECTCA CABHI 110 (1)&35

rra (ON°
NOKYMEHT NoanncAH

ANEKTPOHHOW NOANMCLIO y 3AITHCATE

|fUL=fr+jfo

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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J1x,=jwLl |
TI'AcC - KOMIIJIEKCHOE COITPOTHBIICHHC HHIAYKTHBHOI'O 3JICMCHTA,

.U, U
U = [, =

=2 R e
H - ACHCTBYIOIIHE 3HAYCHHA aKTHBHOI'O H HHAYKTHBHOI'O

Lm

HAITPSCKEHHIL.

U

Taxim GﬁpﬂBDM: HAIIPDKCHHE Ha 3a*KIMax IIEIIH MOZAHO IIPECACTAaBHTE B BHJIC

U ju,

CYMMBI JBYX CHHYCOH] a m M3BecTHO, 4YTO BCSIKYIO CHHYCOHIAIBHO

H3MEHSIONIYIOCS BEIHYHHY MOXHO IIPEJICTaBHTh B BHJAE BeKTOopa (HalpHMep, TOKa I ),
BpaIlalOIIEerocs B IIPOCTPAHCTBE ¢ YITIOBOH YAaCTOTOH @, ITPOEKIIHS KOTOPOro Ha MHHMYIO OCh H

TaeT CHHYCOHIAIFHYIO BeIIMUHHY (pHC. 2.3).

PucyHok 2.3 — M300paxeHHe CHHYCOHIAIIbHOI'O H3MEHSIOIIENCS BETHYUIHBI TOKA B BHIE

BeKTOpa

OHPE,I[EJ]IIM HAITPAAKCHHA Ha 3dAKHMAX ICIIH IIPH ITOMOIIIH EEI{TGPHDﬁ AHal PANMMBI.

BekTop Toka I ornosan B ITPOM3BOIIBHOM HAaITpaBIIEHHH, HAIIPHMEP, TOPH30HTAIbHO (PHC.

2.4). Bce ocTalbHBEIE BEKTOPHL OYAYT 2KECTKO IIPHBSI3aHEI K BEKTOPY | , T.e. HX CIBHI IIO (pa3ze

OyJIeT CTPOrO OIpe/IelIeHHBIM.

U=1Ir
BekTop aKTHBHOTI'O HAaIlPSKEeHHS a OyIeT COBITAaZaTh IO HAITPABIIEHHIO C
} - - U [ = j I-x I
BEKTOPOM . BexTOop MHAYKTHBHOH COCTaBIIIOINEI HAaIIpsDKEHHST OyaeT
| I U U,
orepekarh Ha 90° BeKTOp . CxmaspIBas TeOMETPHYECKH BEKTOPEI a qu ;
NOKYMEHT NOAMNUCAH
ANEKTPOHHOW NOANMUCHIO ,
Ceprudbnkat: 12000002A633E3D113AD425FB50002000002A6 « LIEITH.

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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PucyHOK 2.4 — BeKTOpHas AHarpaMmMa IIpH II0CIIe0BAaTEIFHOM COeJHHEHHH R 1 L

X, =wL=2mn-f-L

BemiuiiHa HA3BIBACTCAH 1H dyr{mz {GHBIM CONPOMILGTEHIIEM

H H3MCEPACTCHA B Owm. CGHPGTI[BJIEHHE Xz 3dBHCHT OT HY4CTOTHI H IIPH BKIIIOYCHHH KaTYIIKH

HHIYKTHBHOCTH B IIeITh ITOCTOSIHHOT'O TOKa ( f=0 ) TOK KaTYHIKH OyJIeT orpaHH4YeH TOIbKO ee
AKTHBHBIM COITPOTHBJIEHHEM H OKaXeTCS HaMHOTIO OonbIne. [losroMy KaTyIIIKH HHIYKTHBHOCTH,
IpeJHa3HAUYeHHbIE 19 palOoThl HA ITEPpeMeHHOM TOKE, HENb3S BKIIOUYATh B IIEINTH ITOCTOSHHOIO
TOKa.

Tpeyromeauk OAB (puc. 4) IIpIMOYTOIBHBIH H Ha3bIBaeTCA TPEYTOJIbHHKOM

HarpsokeHHH. M3 TpeyronpHuka OAB nMeeM:

3 N i
U'=U ,+U |,
a L

ﬁZZ(E'r )2+(f*xL)2=Iz(r2+xi]

M3Biiekas 3 00eHxX 4acTeH KOPEHb, IIOTYYHM

U:I-\fr2+xi

2 2
[P

COITPOTHBIICHIIEM LICIIH H 0003HaAYaEeTCA Z :

BemiuiHa ., HMCHOIITdA PAa3MCEPHOCTE COIIPOTHBIICHHA, HA3BIBACTCAH ITOJIHBIM

2,2
z—\/r +x7

H 3aKOH OMa IS IEelTH IIEPEMCHHOI'O TOKAa HMECT BHI.

z 4 U=12z
OOKYMEHT NOAMNMUCAH | .
SHEKTPOHHOW NOONUCHIO I v HanpsikeHHeM U paBeH:
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 -
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa U a I-r I

Nencreutened: ¢ 20.08.2021 no 20.08.2022 U I Z Z

16



M3 TpeyrompHHKa MONIHOCTEH, KOTOPBIH MOKHO IIOIVUHTh H3 TpPeyroJbHHKa

HaITpSPKEHHH YMHOKEHHEM €r0 CTOPOH Ha TOK I, ITOIYYHM aKTHBHYEO MOIIHOCTB:

PZIerU-I-Cqu’)

PeakTHBHAag MOIITHOCTB:
Q=I’>x,=U-I-sin¢

[lomHass MOIITHOCTE:

_ _[h2. A2
S=U-I=VP*+Q
OTHOIIIeHHe aKTHBHOH MOIITHOCTH K ITOITHOH Ha3bIBAETCS KGB(bd)IH_[HEHTGM MOIITHOCTH.

P_P
CoS p=—=
S Ul

Ecim 11e1b IICPCMCHHOI'O TOKa o0mnazmaeT aKTHBHBIM COITPOTHBIICHIICEM I H CMKOCTBIO C

(puc. 1.5), To mo BTOpoMy 3akoHY KHpxroda a1 MIHOBEHHBIX 3HAYEHHH 3JIEKTPHYECKHX

BEJTHYHH MOJKHO 3aITHCaTh:
U=1'T+ u

A€ i — MTHOBCHHOC 3HAQYCHHE ITPHJIOKCHHOI'O K LICITH HAITPAKCHIHA,

I - MTHOBEHHOE 3HaUYeHHE TOKa I1EITH,

. - MTHOBCHHOC 3HAYCHIC HAITPAXKCHHA, ITPHJIOKCHHOI'O K oOKIIagJKaM KOHACHCATOPA H
IMPpEACTaBIISIOIIICI O coOOH ITajJicHHe HaIIPpsDKEHITA Ha CMKOCTH.

Ecimi TOK HM3MEHIeTCI BO BPCMCHII I1O CHHYCOHAAJIbHOMY  3dKOHY, T.C.

I=1 sin wt |
m , TO TIpeABIAVILIeE YpaBHEHHE OYAET HMETh BHL

. 1 : Tt
U=rl_sinwt+——=1 sin (ot—=)
wC 2

M3 sTol (popMyIBI BHIHO, YTO IPHIIOKEHHOE K IIENH HalpsKeHHE COCTOHT H3 JIBYX

u zrlmsinmt

COCTABJIIIONINX. aKTHBHOH HIH aKTHBHOI'O HaITPSLKeHHS a COBITaJArOIIEH
IO dase C TOKOM, i peaKTHBHOI HIIH eMKOCTHOH COCTaBJISIOIIEH
1 : TT
U =——= Imsm(mt —=)
wC , OTcTaromeH oT Toka Ha 90° (puc. 1.6). Torma
A A
U=U_+U,
AOKYMEHT MNOANUCAH JI0 JAHHOTO CIIyyasl, IIONB3YSICh TEMH JKE

SNEKTPOHHOW NOAMMUCLIO
Ceptudmkar: | 12000002A633E3D113AD425FB50002000002A6

JILT ITOCIICHOBATCIIBHOI'O COCIHHCHIA I H L (GM.
Bnapeneu; lLlebayxoea TateAHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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i 'y
r L
Ur=ir
@ . . ]
n, U
&
C = | Ul xc
Y v

PucyHoK 2.6 — BekTopHas JHarpamMma JJIs IociaeJoBaTEIbHOIO

coemqmHeHNI R 1 C

[Ipr 3TOM HEOOXOMHMMO HMETH B BHY, UTO BEKTOP HAIIPSIKEHIS ¢ OTCTAaeT OT TOKa
&
' Ha 00° (puc 2.6).
N3 tpeyromsHika OAB Ha pHCYHKE 0 HMEEM:
U’=U’+U..
158151

2 _ 2 I v 202, 1 v
U*=(Ir) +(_caC) =I1°(r +mC)

M3Brekas KBaJpaTHBIN KOPEHb H3 00eHX YaCTeH, ITOITYYHM:

U=1I- r2+(L)2
wC

OTKYy/Ia

[IOKYMEHT MNOAOMNWCAH | 1 '_C
SNEKTPOHHOWM NOANMUCHIO J
Ceptudbmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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_ 1
XC_
BemmiumHa wC HA3bIBACTCHA eMKOCHIHbIM conpomueiediem H H3IMCPACICA B
Om. EMKOCTHOe COIIPOTHBJICHHE 3dBHCHT OT YdCTOTbI HAIIPALKCHHA CCTH H OT CMKOCTH

\/ re+x’
C  HasbIBaeTCS ITOIHBIM COITPOTHBIICHHEM H o0o3HayaeTCcs

KOHIACHCATOPA. BemiuiHa

<. 3akoH OmMa ITPHMCHHTCIIBHO K IIaHHOH LIeTIH IICPCMCHHOI'O TOKA 6}"I[ET HMCTDh BHI,.

z= \/r2+xé
TIe

Ecm Bce CTOPOHBI TPeYronbHHKA HanpskeHHH OAB pasgemirs Ha TOK [, TO ITOJIYYHM
TPEYT OJIBHHK COITPOTHBIIEHII C KaTeTaMH # H X¢ H THITOTEHY 301 .

[Ipu mocnemoBarellbHOM coequHeHHMH r, L M C OVAYT CIpaBEeIIMBEL BCE BBIBOIEL,
IOIIYYEHHBIE I LEIH ¢ -L 1 el ¢ »-C. [Ipu 5ToM BO3MOKHBI CJie IYFOI[He KOMOMHAL[HH:
=X

XL}'XC XL‘:XC X

a) ,B) L

PHGCMG'I‘IJIM C IIOMOIIIBIO BEKTOPHBIX AHAI PAMM KaKJIbIH H3 STHX BAPHAHTOB.

. 0) C
El) I/IMEEM IEIb H3 ITOCIICAOBATCIIBHO COCAHHCHHBIX 7, L H C:, ]_[IJHIIEM

X, >X
L™ ""C | Tlo BceM TpeM CONPOTHBIEHHSM OYyAET MPOTeKaTh OLHH H TOT K& TOK

I

,  BEKTOp KOTOPOro OTJIOKHM B BBIOpAaHHOM MacIiTade ITPOH3BOJIBLHO, HAaIPHMED,
TOPH30HTAJILHO, T.€. HallpaBJIIEHHE IIEPBOr0 BEKTOPa BEIOHpaeTCs IPOH3BOIILHO (pHC. 2.7).

BEI{TGP IIaACHITA HAITPLKCHIA Ha dKTHBHOM COIIPOTHBIICHHII 6}*’,I[EET COBIIQJaTh C

U

HAIIpaBJICHHCM TOK4, a IIQJCHHE HAIIPAKCHIA Hd HHAYKTHBHOM 3JICEMCHTC HIIH L 6}’,I[ET
. ?y 0

OIICPEAHATE BEKTOP I Ha 2 IlageHme HAITPAAKCHIIA Hd EMKOCTHOM 3JICEMCHTC C 6}",I[ET

’7
OTCTaBaTb OT BEKTOPA TOKd Ha 2 COITIacHO YCIIOBHIO

UE < UL
Ue
U/
[OKYMEHT MOAMUCAH 1 . i,
SNEKTPOHHOW NOANMMCHLIO L, .
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 = > |

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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PrcyHoOk 2.7 — BeKkTopHas [HarpaMMa Hanpsokenuiimpun L~ C

OOI11ee HapsDKEeHHE 1IEITH OYAET paBHO CYMME

U,+U;+U-=U

ki
Gk EEI{TGPHGﬁ AHAI'PpaMMbl BHAHO, YTO MCHKAY TOKOM ILCIIH I H HaIIPAKCHIICM U

€CTh YIOII @ H TOK HMEET OTCTAIOIIHH XapaKTep, a cos ¢ < 1,0.

X, <X
0) Ilpu L ""C  mameHMe HaIlpsDKeHHS Ha HHAYKTHBHOM COITPOTHBIIEHHH OVJIET
MeHBIIIe TTaJleHH S HalIPsOKEHIST Ha eMKOCTHOM COITPOTHBIIEHHH, II03TOMY BEKTOPHAS JHarpaMMa

OyJleT HMeTh BHJI (pHC. 2.8):

PucyHoKk 2.8 — BekTOopHAas AuarpaMma HarpspKeHH IIPH Uc > UL
X, =X U U
B) IIpn "L "C  mmeer MecTo peszonanc manpsicenuii, T.e. C = L u sro
1 .
wl=— [ U
OyIeT IIpH OC  TIpu sTOM BeKTOpHI L mu C  paBHBI ITO MOAYIIO H

ITPOTHBOITOIOKHO HallpaBJleHBI (pHc. 2.9), MO3TOMY HX CyMMa pPaBHa HYJIXO. TOK IEMNH IIPH
pPEe30HAHCE HaIIPSOKEHHI OIpeelsIeTCs TOIBKO aKTHBHBIM COIPOTHBIIEHHEM, ITO3TOMY VYIOII
CIBHTa (pa3 MeXAy TOKOM H HaIIpsDKEHHEM IIEIH paBeH HYIO, a cos ¢ = I. IIpH 3ToM Hamo
HMETh B BHIY, UTO Pe3yIbTHPYIOMIEE COIMMPOTHRIIEHNHE IEMH Pe3KO YMEHBIIHTCS A0 3HAUEHUS = =

F H TOK IICITH ITPH PE30HAHCC MOMKCT PC3KO BO3PACTATh.

(=1}
ONOKYMEHT NMOoAanncAH
3NEKTPOHHOW Noancbio
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

TpaMMa HaITpsSKEHHH IIPH Pe30HAHCE
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YKkazanue no mextHuke dezonacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTDprI}{ pﬂﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:

1. CoOpaTh cxeMy ¢ ITocieaoBarelnbHBIM coeanHeHHeM R, L um C (puc. 2.10). B
KaueCTBE aKTHBHOI'O COIIPOTHBIIEHIS HCIIONB3VETCS PErYIIMPOBOYHEIN peocTaT R, a B KauecTBe
eMKOCTH C — 0arapes KOHAEHCAaTOPOB.

BonprMmeTpoMm V1 H3MepstoT BXojgHOe (00INee) HaIpsKeHHe 1IETTH, a BOIbTMETPOM V2 ¢
TIOMOII[BIO IIYITIOB ITOOUEPESHO H3MEPSIOT TaJcHHE HAIPpSDKEHHS Ha aKTHBHOM COIIPOTHBIIEHHH

R (B Toukax a i ©), Ha HHIYKTHBHOCTH L (B TOukax B H I') H eMKOCTH C (B TOUKaxX T H I).

NATP

L 220B

@ Y =

PucyHok 2.10 — CxeMa ¢ 1rmociegoBaTelIbHeIM coeqHeHHeM R, L u C

M3mepeHnsa He0OXOMMO BEITIOHATE IS TPEX PEKHUMOB!

1) UL = Ui:":, 2) UL < U.;j:, 3) UL — Ur::.

JIIIsT KaKaoro M3 pPeXHMOB BBITIOJHHUTE PacyeThl H BMECTE C Pe3ylIbTaTaMH H3MEPEHHI
3aHecTH B Tabmumary 2.1. Ilo pesymeraraM pacueToB IS KaXKJIOrO H3 PEKHMOB ITOCTPOHTEH
BEKTOPHVYIO JHAr paMMYy HaITPSKEHII, JJI 4ero HEOOXOIHMMO BEIOPATh MacITad HAIIPSDKEHUS Mir
TaKHM 00pa3oM, UTOOBI BEKTOP HaIIpsLKeHH et {J OB ITPUMEPHO paBeH 8 — 12 cM.

Tabmma 2.1 — Pe3yneTarsl H3MepeHHH H BBIYHCIIEHHH

No M3MepeHHBIEe BETTHUHHEI BEIUH CIIEHHEIE BEJTHYHHEL
GHL;TH U 1 Ukr U; Uc cos @ S P O
B A B B B - BA Bm BAp
1
2
3

Brumanue! HPH PE30HAdHCE HEIHPH}I{EHI]ﬁ TOK ICIIH OIIPpSAcIIACTCA dKTHBHBIM
COITPOTHBIICHIIEM R., ITOSTOMY dMIICPMCETP MOZKCT 34dllIK4IHBATh. B sToMm CIIVHAC He0OXOqHMO
HGI[G@I)&TL dMIIEPMETP C HECKOIIBKIMIL ITPpCACiIaMIH HBMEPEHIIﬁ H IIPH PE30HAHCE IICPCKIIIOTHTD

€ro Ha OOJIBIIIHI ITPEJEII IIO TOKY.
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l. Haspanme paboTHI,

[lems paboTHI,

KpaTkHe TeopeTHYeCKHE CBEACHHST,

OrmcaHie HCIIONIB3YeEMOro 000pyAOBAaHHS H MaTEPHAJIOB,
[ IopsimoK BREITTOITHEHHS PAa0OTHI,

BreruncneHnsa n o0paboTKa pe3yiIbsTaToR,

N S N R W

BBIBOIELI.

K OHMPOJIbHbBIE 601NPOCHI.

l. YTO IMOHMMAIOT ITOJ HHAYKTHBHOCTBIO H KaK OHA OIPeelIsIeTCs?

2. Kak 1 mouyeMy H3MeHSeTCS HHAYKTHBHOCTE ITPH BBEJEHHH B KaTVIIKY CTaJIbHOIO
cepAcUHHKa?

3 YTO IMOHMMAIOT IT0J] EMKOCTBIO H KaK OHA OIIPEJIENSIETCS?

4. YTO HA3BIBAIOT YITIOBOH YaCTOTOH M?

5 I[To xakHM opMyTIaM OMPEEISTIOT T, Xy, Xc H Z I[eITH IIepeMeHHOI0 TOKa?

0. KakoBEI OCHOBHBIE COOTHOILIEHHS H BEKTOPHLBIC JHAI'PAMMBI B LICILIX C ﬂETI[EHGﬁ:,

HHAVKTHBHOH H €eMKOCTHOH Harpys3Kom?

7. [ IpH KaKHX YCIIOBHSX BO3ZHHKAET PE30HAHC HAIIPSKEHHH?
8. Yemy paBeH KO3((PHIHMEHT MOIMHOCTH cos @ IIPH Pa3/INYHBIX YCIOBISIX H KaK OH
OIpeaensieTcs?
NOKYMEHT NOANMCAH
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Jlabopamoprasn padooma Ne3. Inekmpuueckads uenb CUHYCOUO WIbHOZ0 MOKA npu

napa’uleJIibHOM 6KJIWYUEHHUH AKMH6HO20 U PEAKMU6HbLIX CﬂHpﬂHIHﬁJIEHHﬁ_

HEJH: paﬁﬂmm: JKCIICPHMCHTAJIIbHAA ITPOBCPKA 3dBHCHMOCTH dKTHBHOI'O H PCAKTHBHBIX
CGHPDTIIBHEI—]IIﬁ OT Y4CTOTEI, a TaK¥K<S COOTHOIILIEHHH MCEAEAY HAIIPSDKCHHCM, COIIPOTHBIICHITAMIIL,

IMPOBOANMOCTAMIT H TOKAaMI B IICITH C ITaPallICIIbHO BEKJIFOUCHHBIMIT aKTHBHBIM COITPOTHBIICHIICM,

I{E],T}"H_H{Gﬁ HHIYKTHBHOCTH H KOHACHCATOPOM.

OcHO6b1 meopu:

[TpH TapairieIbHOM BKITFOUEHHH aKTHBHOTO COIPOTHRIEHHS, KaTYIIKH HHAYKTHBHOCTH H
KoHJ[eHcaTopa (pHc. 3.1) Ha Bce TPH 3IeMeHTa AIeKTPHYECKOil Iel MOJAéTCS OJHO H TO JXKe
HAIIpSDKEHHEe U. MTHOBEHHOE 3HAuYeHHE TOKA 1 B He-pasBeTBISHHON YacTH LIEITH PaBHO CYMME
MTHOBEHHBIX 3HAYEHHIT TOKOB PE3HCTOPA iy, KATYIIKH 1, H KOHJeHCaTopa 1.

I=i+i.ti-
COOTBETCTBYIOIIEE PABEHCTBO CIIPABE [NTHBO JUIS KOMIUIEKCOB TOKOB:
I=I+ I+ 1
KOMITITEKChI TOKOB OIPEENIOTCS KOMITIEKCOM HAMPSDKEHMS U M KOMIDIEKCHBIMI

COITPOTHEBIICHIAMI COOTBETCTBYIOIIHX 3JICMCHTOB LICTIH.

L=Uly, L=U/Z, L=U/Z.

Iy I IC
I g }

A

. l

PIIC}*’HGK 31— HE],IJEIHHEJ]LHGE BKJIFOUEHHE AKTHBHOI'O COIIPOTHBIICHH A, KaTVYIIIKH

HHAYKTHBHOCTH H KOHJACHCATOpPa

KomriiiekcHoe COIIPOTHBJICHHE PC3HCTOPd P4ABHO €I'0 dAKTHBHOMY COIIPDOTHBJICHHIO T,

KOMIDICKCHOC COIIPOTHBIICHIC KaTVYIIKI HHAYKTHBHOCTH YHHTBIBACT ee dKTHBHOC

AATTIMATTIMITTATITIA 24 YT TITrTomsrrrnryranTr 1 - 7 — . _L'[UE =y —|— .TL
R" J-.-' .
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Y,.=1/r=g,
Yi=1/Z:=1/( ritjowL) =v/(r" +x°)-jxt/( ¥ +x1°) =gi-jbi
KommirekcHa st MpOBOAHMOCTh KOHJIEHCATOPa ¢ YUETOM ITPOBOXHMOCTH H3OISITHH Me KTy
OOKIIaJKaMH g.:
Y.=g.tjowC=g.+jb.
I=Uf(g-+girg.) +j(be-bi)] = UY
Tok, IMpoTeKaromii Yepes KaTYIIKY HHAYKTHBHOCTH, MOKHO ITPEJCTABHTh B BHJE JIBYX

COCTABILIIONINX. aKTHBHOMH [, =Ug,, 110 (paze, COBITaJarOIIeH ¢ HalIpsDKEHHEM, H PEaKTHBHOH [, =-

e,
jUb;, oTcraromieit 1o (a3ze oT HapsoKeHHs Ha 90°.

TOK, IMPOTEKAIOIIMIT Yepe3 KOHIAEHCATOP, TAKXKe MOKHO IIPeJCTaBHTL B BHIE CYMMBI
aKTHBHOIT IL.=Ug. W PeaKTHBHOH L.=jUb. COCTABISIONIX, peaKTHBHAS COCTABILIIOIIAS
ornepekaeT 10 (aze HampsokeHHe Ha 90 . CxeMa 3aMeIleHHSI IIPH 3aMeHe COIIPOTHBIIEHHIT
IIPOBOAMMOCTSIMH HMEET BHJI, H300paKEHHBIN Ha pHC.3.2.

i,
& L

i b i i

u gr gk gc br b.

R i

PucyHoK 3.2 — CxeMa 3aMelleHH s

Bun BEKTOPHDBIX AHAI'PAMM HAIIPIKCHHA H TOKOB paccma'rp}maemaﬁ CXCEMEI 34dBHCHT OT

COOTHOIIIEHHS ITPOBOIHMOCTEH biH b, (pHc.3.3).

™ ™ [ ] i [m} II Jpl:ﬂ
[rl- Iah Uh > > .Uh /( U...,
lq:l II IEL l]]].; [r ]:
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PucvHOK 3.3 — BekTOopHas guarpaMma
NOKYMEHT NOANMCAH
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Ecm br>be, TO TOK 4epe3 HHAYKTHBHOCTH OOIBIINE, YEM Yepe3 EMKOCTh, H TOK B
Hepa3BeTBJIEHHOH YacTH IeNH IO (pa3e oTcTaéT oT HanpskeHHS (puc 4.3a). Ecim b <be, TO TOK
yepe3 HHAYKTHBHOCTh MEHBIINE, YeM TOK Yepe3 EMKOCTh, a TOK B Hepa3BeTBJIEHHOH YacTH I[EITH
1o (pasze onepexaeT HanpskeHHe (pHCc.3.3¢).

[Ipn paBeHCTBE HHIAYKTHBHOH M EMKOCTHOH IIPOBOAHMOCTEH BeJIMYMHA TOKa B
Hepa3BETBIIEHHOH YacTH I[eIH OIpeJeiIseTcs TOIBKO CYMMOIl aKTHBHBIX ITPOBOAHMOCTEH g+
gt g.= g IIpH 3TOM TOK IT10 (pa3ze COBMafacT ¢ HalpsokeHHeM (pHc.4.3b):

[=Ug

BekxropHas auarpamma, H3oOpak€éHHas Ha pHc.4.3b cooTBeTCTBYeT peXHMy pe3OHaHca
TOKOB, B TOM PeKHME TOKH 4epe3 HHAYKTHBHOCTh H 4Yepe3 EMKOCTh PaBHBI IIO BEIIHYHHE H
ITPOTHBOIOIOKHEI TI0 (paze, B HEPa3BETBIIEHHOH YacTH I[eMH TOK ITPHHHMAaeT MHHHMAaIbHOE

SHAYUCHHC.

YKkazanue no mextHiuke dezonacHocmil:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHﬁIK pﬂﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll pao omal:
1. JleTallbHO O3HAKOMHBIIIHCHE C OCHOBHBIMH TEOPETHUECKHMH IIOTIOKEHHSIMH,

coOpaTh cxeMy, H300paKEHHYIO Ha pHC.3.4.

W

Az
-~ 10B 40Mml 1 — IMKD

r
1000M

by - - *

PucyHOK 3.4 — CxXeMa ¢ nmapajuielIbHeIM coequHeHHeM R, L u C

Y CTaHOBHTH IIPEJEIIBl H3MEPEHHH: BOIbTMeTpa — 20B, amriepMerpos — 200MA.

AOKYMEHT DGHHHCAH yCTAHOBHTE Y4CTOTY fn:, IIPpH I{GTﬂpﬂﬁ B
ANEKTPOHHOW NOoArnnchbio
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2. VﬁpﬂTL IICPCMBIYEKIL B LCIO KATIVIIKIL H KOHIACHCATOPA., IIO IIOK4A3dHITAM
dMIICPMETPA H BOJIBTMETPA HIH d4dMIICPMETPA H BATTMCTPa IIPOBCPHTE COIIPOTHBIICHHE H

BBEIYTHCIIHTD ITPOBOAHMOCTDE PE3HCTOPA.

r=U/I=P/F, g=1/r=IU=P/U".

3. PaszopeaTh IIEIF PE3HCTOPAa H YCTAHOBHTH IIEPEMBIUKY B I[eMH KaTYIIKH, IO

ITIOKA3aHHSM ITPHOOPOB BEIYHCIIHTE COMPOTHBIIEHIS H IIPOBOMIIMOCTH KaT YIIIKI.
#=P/P, z=U/L x;=N(z-1),
g=P/UP, yi=IU, by=\(vi-g¢).

4. PazopeaTh €I KAaTYIINKH H YCTAHOBHTH IIEPEMBIYKY B IEIIHM KOHIEHCATOpa,
HCITONB3YS (POPMYIIBI, aHAIOTHYHBIE (hOpMyJlaM I1.3, IT0 MOKa3aHHSM ITPHOOPOB BBIYHCIIHTD
COITPOTHBIIEHNUS M IIPOBOAMMOCTH KOHJEHCAaTOpa. BEIUMCIIEHHBIE 3HAUEHHS COIIPOTHBIIEHHUH H
IIPOBOAMMOCTEH 3aHECTH B TaOmHIy 3.1.

Tabmmira 3.1

fy, | Pesmcrop Karyixka KoHnpeHcaTop g,

FI_[ r: gl': rk: gk:- XL: bL-: L: I'.;:, g'::' XC: b'::- C: CM
OM | CmM |OM |CMmM |OM |CMm | I'H OmMm [CMm [OM |CMm | MkOD

5. YCTaHOBHTE Bce IIEPEMBIMKH, IIOJKIIOYHTL amiiepMeIp A2, mpH dacTtoTe I
H3MEPHTH ITOTPeOIIEMYIO MOII[HOCTh, HAIIPSDKEHIE, TOK B HEPA3BETBIEHHON YaCTH I[EITH H TOKH
OTJENBHBIX BETBEH. Pe3ylnbTaThl 3aMEPOB 3aHECTH B Ta0mary 3,2.

0. BEIUHCIINTE 3HAUEHHS AKTHBHBIX H PEAKTHBHBIX COCTABILIOIIHX TOKOB Yepe3
KaTYIIIKY H Yepe3 KOHAeHCATOP M KO3 (HITHEHT MOITHOCTH, ITOJIb3YSCh BBIPaKEHISIMH:

Li=giU, Le=goU, Li=lit L, L=N(I-LF), Le=N(I7-L),
cosQ=(L+ L+ 1)/1
PesyibTaThl BEIYHCIIEHHH 3aHECTH B TaOmHIy 3.2.
Taomuia 3.2

f U, I, I, I, I P, Y, b, L., I, [,., | coso
Im | B | MA | MA | MA | MA | MBT | Cm | CMm | MA | MA | MA

[y}
b

f1:
D:
] NOKYMEHT NoanncAH
SNEKTPOHHOWM NOANUCHLIO
Ceptudpukar: 12000002A633E3D113AD425EB50002000002A6 IQZﬁ;—F?OO FH TIPOM3BECTH Te K& M3MepeHHS H
Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa |

[ HBMEP'EHIIﬁ H BBEIUHCIIEHHH 3aHECTH B TElﬁJ]III_[}"
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4.2 HPH BBITIOJIHCHIH paCIIéT'DE HS CIICOYCT 3&6BIEEITL:. HTO COIIPOTHBIICHHA H ITPOBOJHMOCTH
HHAYKTHBHOCTH H EMKOCTH 3aBHCAIT OT YaCTOTHL.
8. I1o PE3VIIbETATaM H3MCPCHITIL H BBITHCIICHITH IIOCTPOHTDL BCKTOPHBIC AHAI'PDAMMEIL,

dHAJIOTHYHBIC ITPEACTABJICHHBIM Had pHG.Z.B.

Codepacarue omuema:

OT4YeT JOIKEH COLEPKaTh:

1. Haspanme paOoTHI,

[lems paboTHI;

Kparkue TeopeTHUYECKHE CBEAEHU,

OrmicaHie HCIIONB3YEMOT0 000PYI0BAaHHSI H MaTePHAJIOB,
IlopsimOK BEITTOITHEHHS PaOOTHI,

BreruncieHns H 00padoTka pe3yiIbTaToB,

N S R W

BBIBOIELI.

K OHMPOJIbHbBIE 601NPOCHI.

1. Kak ompefenurs aKTHBHYIO H PEAKTHBHYIO ITPOBOAMMOCTH KATYIIKH, ECIIH
H3BECTHHI €€ aKTHBHOE H HHAYKTHBHOE COITPOTHBIIEHH!

2. Kak 3aBHCAT peakTHBHEIE IIPOBOAMMOCTH KAaTVIIKH HHIYKTHBHOCTH H
KOHZ€HCATOPa OT YaCTOTHI?

3. Kak ompefemurs aKTHBHYIO IIPOBOAHMMOCTh KaTVIIKH MHIYKTHBHOCTH IIH
KOH[eHCATOPa, IIONb3VACh ITOKa3aHHAMH BaTTMETPa, aMIIEpMETpa H BOIbTMeTpa?

4. Kak oIpeaemTs IONHYI IIPOBOAMMOCTE YYaCTKa 3IeKTPHYECKOH ILIEIH II0
ITOKA3aHMAM IEKTPOU3ZMEPHTEILHBIX ITPHOOPOB?

5. Kak ormiyarorcs 1mo (ase IpHIOKeHHOe HAIpSKEeHHE H TOK, ITPOTEKAOM[HI I10
KaTYIIKE HHAYKTHBHOCTH? Yepe3 KOHAeHcaTop?

0. [Touemy # Kkak H3MEHHTCS TOK 4epe3 KOHAcHcaTop (4Yepe3 KaTYIIKY
HHYKTHBHOCTH ) ITPH YBEIIHYEHHH YaCTOTHI ITPIII0KEHHOI'O HAITPSIKEHH S?

7. B KakoH 5IEKTPHYECKOH IIEMMH MOXKET BO3HHKHYTH PEXHM PE30HAHCA TOKOB?
KakoBo ycrnmoBHe ero BO3HHKHOBEHHS? lIoSICHHTE (PH3HYECKYIO CYIMHOCTh pe’KHMa pe30HaHca

TOKOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
28



Jabopamopran paboma Ned. Hceneodosanue mpexghazroil cucmemst NPl COeOUHEHUU

nompeodumerseu 36e300u

Ilens padomsr: O3HAKOMHTHCS OIBITHBEIM ITYTEM ¢ OCOOEHHOCTSAMH COeIHHEHN 3BE3I0H
MIPHEMHHKOB BIeKTPHYECKOH SHEPrHH B IIeNH TpeXdaszHoro Toka. MccleloBaTh PEeKHMBI
PAaBHOMEPHOH H HEPAaBHOMEPHOH Harpys3oOK, a Takke padoTy CHCTEMBI IIpH OOpBIBE OJHOH H3
¢a3. IlomyunTs IpaKTHYECKHE HABBIKH pacyeTa M HCIIBITAHHS TpexX(das3HBIX IIeTeH, a TaKkKe

ITOCTPOCHIA BEKTOPHBIX AHAI'PdNMM.

OCHO6bL MEopUIL:

Tpexgbasnoii cucmemoii SNEKTPHUECKHIX IIeTlell Ha3bIBAeTCSI CHCTEMA, COCTOSMIIAS H3 TpexX
OMHO(A3HBIX 3JIEKTPHYECKHX IIeTIeH, B KaKIOH H3 KOTOPBIX JACHCTBYIOT CHHYCOHJAJIBHEIE 3.11.C.
OJMHAKOBOH YacTOTBI, HO CJIBHHYTHIE JPYI OTHOCHTEIILHO Apyra Ha 1/3 mepuoma (120°) m
co3zlaBaeMble OOIIMM (TpeX(azHbIM) HCTOYHHKOM 3IeKTPHYECKOH SHEPIHH.

OTJeNbHEIe IIeKTPHYECKHE LEITH, BXOASIHE B COCTaB Tpex(asHOH CHCTEMBI, Ha3bIBAIOT
¢azamu. ECIIH 5.11.C. KaXKIOH H3 (a3 paBHEI 110 BEIIHYHHE, a IIOIHBIE COIPOTHBIEHHS HAarpy30K
BCceX TpeX (pa3 I0 BEIHYMHE H XapaKTepy HArpys3KH (II0 BEIHMYHHE H 3HaKy (Pa30BOro CIBHIA)
OJIMHAKOBBI, TO TAKOH PEKMM Ha3bIBAIOT cumMmempuyHsiM. HEBHIIOIHEHHEe NAaHHBIX YCIIOBHI
SIBISIETCSI TIPHYHHOH Hecummempuuno2o peXHMa. Harpyska TpexdasHBIX IielleH pelko ObIBaeT
CHMMETPHYHOH, KaK ITPaBIUIO, OHA B TOH M HHOH CTell€eHH HEeCHMMETPHYHA H3-3a HaJIHYHS
OJHO(pa3HBIX ITOTPEOHTETIEH.

TpexdasHbele TeHepaTOPHl CO3MAlOT CHMMETPHYHYIO CHCTEMY 5.J.C., IIOATOMY
HECHMMETPHYHEIT PEKHM BO3HHKAET H3-3a HECHMMETPHYHOHM HarpyskH (a3. Ecam KOHILBI
00OMOTOK (pa3 CHHXPOHHOI'O I'eHepaTopa HWIH TpaHC(pOpMaTOpa COEAHHHTh BMECTE 3BE3J0H, a K
HayaraaM IIPHCOeAHHHTE ITPOBOJA, HAVINHE K ITPHEMHHKAM SIEKTPHYECKOH SHEPIHH, KOTOPBIE
TOXE COEJHHHTh 3BE30H, TO ITOIYYHM TpeX(paszHyr cHcTeMy (pHc. 1). IIpoBoa, coeqHHSFOIIHIA
HYJIEBBIE TOUKH HCTOYHHKA H ITOTPeOHTENS Ha3bIBAacTCI HYIEBBIM. TaKyIO CHCTEMY Ha3bIBalOT
Yyenm vipexnpoeooHoii. B IEIX TpeX(azHOr o TOKa HE3aBUCHMO OT CIIOc0o0a COoeIHHEHHS 0OMOTOK
reHepaTopa H IIOTpeOHTeNeH pa3IHyaroT HalpsoKeHHs — JHHelHble Uz B ¢asHele Ug, a Takke
TOKH — JHHeHHBIe [y H (QasHble [y, HampspkeHne MeXmy ITHHEHHBIM H HYJIEBBIM ITPOBOIOM
Ha3BIBACTCS (asHbim, a MEeXAY THHEHHBIMH ITPOBOJAMH — JiHeliHbiM. TOKH, ITPOTEKAOIIHE B

JIHHEHHBIX IIPOBOJAX, HA3BIBAIOT JILHeliHbIMiL, A IIPOTEKAIOIIIHE B (1)&33}{ HAI'PY3KH HJIH

AOKYMEHT MOAMVCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

Bnapgeneu: lllebayxoea TaTteAaHa AnekcaHopoBHa -[GMEpHGﬁ o y3Ke Uﬂ = Jﬁ Uqb

2HHBIE TOKH PaBHBI (pa3HBIM, T.€. JIMHEHHBIH TOK
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COCOHMHCHI - 3BC3/14d.
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Pucynok 4.1 — Cxema Tpex@a3HOH YeTHIPeXITPOBOTHOMH IIeITH IIPH COeHHEHHH 3Be3]I0H
[Tpn HepaBHOMEpPHOI Harpys3ke (a3 B cXeMe C HYJIEBEIM ITPOBOAOM (pHC. 4.1), B HYJIEBOM

ITPOBOAC ITOABIACTCAH TOK, BCIIMYIIHA KOTOPOI'O OIIPCACIACTCA ITO IICPBOMY 3dKOHY KIIPXI‘G(bElZ

PucyHok 4.2 — BekTopHas qHarpaMMa HalpsDKeHHH IIPH COeHHEHHH 3Be3]10H

& & & é
[g=1,+1g+]1-

Hammune Toka B HYJIICBOM ITPOBOAC BBI3ZBIBACT HC3HAYHTCIIBHOC IIAACHHC HAIIPAXKCHHA B
HEM, KOTOPBIM MOKHO HpEHEﬁpE% H CHHTAThb, HUTO MCHEAY H}*’HEEGﬁ TOYKOH HCTOYHHKA H
ITPHEMHHKA Pa3HOCTDb ITOTCHITHAIIOB OTCYTCTBYCT.

Ha puc. 4.2 nokazaHo rpaduieckoe oIpejielieHHe ITHHEHHBIX HallPSKeHHH ¢ ITOMOIIBIO

[OKYMEHT NOAMUCAH
SNEKTPOHHOW NOAMUCHIO
Ceptucpukat: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: WWebayxoea TaTeAHa AnekcaHgpoBHa

NJIBHOT'O MOMCHTA BPEMCHH KOMIUICKCEI QJHBHLD{
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8]

UAB_UA_ UE ’
UBG_UB_ U::: ’
Uaa=Uc=U,
TINISL TIONMyYeHHs JHHEHHBIX HAanpsoKeHHi CIOKHM Te OMETPHYECKH BeKTOPBI A
Up u Uc BEKTOPAMH —Us :, —Uc :, ~Uy , KOTOPBbIE PaBHBI COOTBETCTBEHHO
Ug, Us, Uy

, HO TIPOTHBOITIONIOKHO HAITPaBIIEHEI.
BekropHas mguarpaMma JIMHEHHBIX HalpsDKEHHH TakkKe MOKeT OBITh IIOINYYEHAa H3

BEKTOPHOH JHarpaMMBbl (pa3HBIX HampsokeHHH (pHc. 3). Takmm oOpa3oM, 3Be3jla JIHHEHHBIX

HaIIpsDKeHHI OIeperkaeT 3Be3ly (asHeIX Ha 30°. HalizeM COOTHOIIeHHe MeXIYy (pa3HBIMH H

TIMHENHBIMH HAITPSDKEHHSMI, YUHTBIBAS, YTO BCE HANIPSIKEHH S CHMMET PHUHBL:

L { L L

U,=Uzg=U=Uy,

b

Upg=Upc=Ucy=U

A 1

C B

PucyHok 4.3 — BekTopHas quarpaMma HarpsDKeHHH IIPH COSTHHEHHH 3BE3]10H

M3 nIpssMOYT OIIBHOTO TpeyronbHHKa OA ]l HMeeM:

U U
1-_2B =U ,-cos 30°=
NOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHLIO \/_
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 l0°=UJ _3
Bnapeneuy; lLebayxoea TaTbAHa AnexkcaHopoBHa ' P ?
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U,=V3U,

(DasHbBIe TOKH IMPHUEMHIKOB OIIPEACIIAIOTCA TaK JKC, KdK H B G,I[HG(I)EIBI{BIK ITETIAXC

IB:Z —\/ —
B rg+Xp
L L

b U U

YTIBI CABHIa MEKIY HAIIPSKeHHSIMH H TOKaMH (pa3 MOKHO OIPEIEIHTh H3 (DOPMYIL:

¢' rﬂ ¢' rB ¢' r{.‘
COS = cOs = COS —
A 3 B 3 C
Z Z Z
A B C

Ecmi nmpreMHHKH 00MaaroT YHCTO aKTHBHBIMH COITPOTHBIIEHHSIMH, TO Za=Ta, Zp = I'p, Zc
= I'c, @ YIJIBI CABHTA MKy TOKaMH H HallpsDKeHHSIMH BO BceX TpeXx (pazax OyayT HylIeBbIMH. Ha
puc. 4 mpelcTaBlieHa ToIlorpadHyeckass JHarpaMMa HaIpsDKEHHH H TOKOB IIPH aKTHBHOM

HeCHMMETPHYHOI Harpy3Ke.

. 7
Usc

PucvyHok 4.4 — BekTopHas JHarpaMMa HarpsKEHHH H TOKOB YeTBIPEXITPOBOAHOMH IIETTH

IIPH aKTHBHOH HECHMMETPHYHOH HarpysKe (a3

Tox Hynesoro nposoga I o= i+ Iz+ Ic

”“"ﬁﬁﬁmé‘ﬁ?ﬁ‘a’ﬁﬁﬁ Cipprmoma napmewrt 0T CTENCHH HECHMMETDHH HarpyskH ¢as, HO

SNEKTPOHHOWM NOANMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

151 JIMHEHHOI O ITPpOBO/IA.
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[Ipn Hammdmm HeHTpaldH (HYIIEBOIO ITPOBOJA) HAIpsDKEHHS Ha (aszaX ITPHEMHHKOB
OCTAIOTCSI HEH3MEHHBIMH H PaBHBIMH (Da3HBIM HalpsDKeHHSIM MHCTOYHHKA Jaxke IIpH
HEPAaBHOMEPHOH HarpysKe, eCIIH IpeHeOpedb COIMPOTHBRIEHHEM ITPOBOJOB JIMHHH H HYJIEBOI'O
nmpoBojia. [IpeenbHBIM cIy4aeM HepaBHOMEPHOH Harpys3KH (pa3 B YeTHIPeXITPOBOJHON CHCTEME
Tpex(a3zHOro IIPHEMHHKA, BKIIFOUYEHHOI'O 3BE3J0H, MOXKHO CYHTaTh OOpPHIB OXHOH H3 (has.
Hamprumep, ecrnu daza 4 OyaeT obopBaHa, TO He OyAeT HampsKeHHS H TOKa Y MOTPeOHTENIS,
BKIIFOUEHHOTO B 3Ty a3y, a B OCTABIIMXCS IIOJ HaIpsDKeHHeM (pa3zaxX pexuM padoTel He
m3MeHHTCs. UTo KacaeTces HylIEBOTO IIPOBOAA, TO ECIH A0 0OPEIBA OMHOI H3 (a3 TOK ObLI paBeH /
o= Is+ Is+ I- (puc. 4.4), To Telepb OH H3MEHHTCA H OYAET OIPEAEIIIThCS II0 IIEPBOMY 3aKOHY

Kupxroda: I+ Iz+ Io= 0, otkyna - 1o = Iz+ Ic (puc. 4.5)

Prcynok 4.5 — BekTopHas gHarpaMma TOKOB H HaITpsSKeHHH ITPH 0OphIBe (pa3bl A

HPH GﬁpLIEE HJIH OTCYTCTBHH B CXCMC HVYIICBOI'O ITPOBO/Jd SHCPI'CTHYCCKIIC COOTHOIIICHITA

B 5TOH I[EITH H3MEHSITICH.

e
L
C I
e
—
§:
PrcyHok 4.6 — CxeMa TpexXIIpOBOJHOH I[eITH Tpex(a3Horo TOKa
AOKYMEHT MOAMNUCAH JIPOBOAHON TpeXdaszHoH cucTeMe (pHc. 4.6)
ANEKTPOHHOWM NMNOANUCHIO
CEDTHd]HHET.’ 12000002A633E3D113AD425FB50002000002A6 KA H ]-[p]:[emﬂ{a paBHD H}UI]ED H Kammo (1)33},'
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

[ KOHTYP.
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[Ipn HepaBHOMepPHOH Harpys3kKe H OTCYTCTBHH HYIIEBOIO ITPOBOAA (pasHBbIE HAIIPSDKEHI
OyJIlyT H3MEeHSTHCS IIPSMO ITPOITOPIIHOHAIEHO COIPOTHBIIEHHSIM (pa3. Ecian Obl cHcTema Oblla
YETBIPEXIIPOBOAHOH, TO II0 HYJIEBOMY IIPOBOAY IIpoTeKanl Obl TOK [p M TakuM oO0pa3oM
IMpaKTHYeCKH BBIpaBHHBAIMCh OBl (pa3Hble HampsokeHHS. Ha puc. 4.7 m3o0pakeHa BeKTOpPHas
THarpaMMa HaIlpsoKeHH H TOKOB IIPH HepaBHOMEPHOH Harpyske BceX TpeX (pa3 H OTCYTCTBHH
HYJIEBOI'O IIPOBOJA.

TpeyronbHHK JIMHEHHBIX HAIPSDKEHHMIT OCTaeTcs TaKHMM JKe, a 3Be3fa (pa3sHBIX

HEIHPHJI{EHI]I‘T H Toyka O’ MoI Y1 OBITEH TIETKO ITOIIYHEHBI METOJOM 3d4CCHUCK H3 BCPIIHH JIMHEHHBIX

HAITPSCKEHHIL.

PucvHok 4.7 — BekTopHas JuarpamMma TOKOB M HaIIpsCKEeHHH ITIPH HEPaBHOMEPHOH

HaI'PY3KE H OTCYTCTBHEC HYJICBOI'O ITPOBO/d

Ecmm omHa m3 a3, HammpuMep, A, o0OpBeTCS HIIH BCe ITOTPeOHTeNH 3TOH (a3bl OymayT
BBIKITFOUEHEI, TO IIPH OTCYTCTBHH HYJIEBOTO ITPOBOJa OCTABIIMECS IOJ HampsokeHHeM (asbl B 1
C oKaXyTcs BKIIOUEHHBIMH IIOcleqoBaTenbHo. (DasHble TOKH Ip M Ic, IIpoTeKaroIlye depes
IIOCIIEOBATEIIbHO BKIIFOUEHHBIE COIPOTHBIIEHHS IIPHEMHHKA, B S3TOM cilIydae OYAyT
OMHHAKOBBIMH, a (pasHbIe HAIIPSKEHHS OyAyT IPONOPILHOHAILHBI COIPOTHBIIEHHSM (a3 (pHC.
4.8). TlosToMy Ha BeKTOpHOH JuHarpaMme Touyka O’ IlepeMecTHTCS Ha BEKTOp ITHHEHHOTrO
HanpsokeHHI Upc B OyJIeT JeIHTh ero Ha YacTH, paBHEIE (a3HbIM HamnpskeHHsM UB u UC (B

HamieM coydae UB = UC)

&

& & 1 & 1 &
Ue=Up=5U,=-V3U,=0,87U,
Harmmmawewue thazer A rornacTeT:
ANOKYMEHT NoanncAH
SNEKTPOHHOW NOANMMCHIO ; _\/E ;
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 ']ﬂz '\4/5 U o — 1 5 U
I b
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa ‘%b 2 ‘%b
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[IosTOMY B YETHIPEXIIPOBOIHEIX IIETISIX HAa HYIIEBOH IIPOBOM HE CTABAT IPENOXPaHHUTEID,
T.K. €ro IIeperopaHie H3MeHIeT paclIpeielIeHHe HaIIpSDKEHHH (as.

[Ipn KOpOTKOM 3aMbIKaHHH KakKoH-THOO «pa3er, Hampumep, C, HyneBasg Touka O
nmpHoOpeTaeT IOTeHIHaNn MHHeHHoro nporoga BC, a a3el 4 1 B 0Ka3bIBAIOTCS IO THHEHHBIM
HAIIpsDKeHHEM. BeKTOpHas JuarpaMma JUIs 3TOro ciydas IpeicrasieHa Ha pHc. 4.9. Touka O'

nepeMeInaeTcs B Touky C.

PrcyHok 4.8 — BekTopHas JHarpaMMa TOKOB H HaIIpsKeHHH ITPH oOpbIBe (ha3bl B CXeMe

0e3 HyIIeBOro IIpOBOZA

Hampsoxernns a3z A 1 B cTaHOBSITCS paBHBIMH ITHHEHHBIM (pHc. 4.9):
Up=Upc=U ;= Ucp'\@’
U =0.
Toxk KopoTkoro 3amMeikaHHg (a3el C pacrpefensgerca Ha ¢azsl B u A, Te.

IC=IK=_(IA+IB)

Taxim oOpaszoMm, JABe (a3pl IIPHEMHHKA OKa3bIBAKOTCSA IIOJ

JIHHEeHHBIM HaITPp;-LKCHHEM, Hda KOTOPOE OHH HE PAaCCHHTAHEBI, H OHH MOI'YI BBIHTH H3 CTPOi.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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PucyHok 4.9 — BexTopHas qparpaMma TOKOB M HAIIPSKEHHH ITPH

3aMBIKaHHH (pa3bl C IIpHEMHHKA TPEXIIPOBOJHOH CHCTEME

B IICITH TpﬁX(bﬂBHGI‘D TOKd dKTHBHAA MOIOIHOCTE PdBHd CYMMC aKTHBHBIX MDH_[HGCT'EfI
(a3z:
P=P,+P,+P =1,-U,-cos¢,+1,-U,-cos¢,+I.-U . cos¢_ .
I[JIH H3MEPCHHA MOIIIHOCTH B 1IETI:nIp'EI’(]'[I}IEI'ElEZl',.[[HlCiI']‘FJi OEIH MOMHO HCIIOIIB30BATh TPH
D,I[HD(l)ElBI{BIK BATTMCTPd, CYMMHPYA HX ITOKd3dHHA, HIIH HCIIOIIB30BATh D,I[HD(l)ElBI{BIﬁ BATTMCTP C

IEPEKIIOUCHHEM €I'0 ITOOYCPEAHO BO BCC TPH (1)&31:-1. DOTOT MeTOI MOKeT OBITh HCIIOJIb30BAH KakK

ITPH CHMMETPHYHOI, TaK H IIPH HECHMMETPHYHOH Harpy3Ke.

YKkazanue no mextHuke dezonacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTDpI—[BIK pE]ﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bIn0JIHEHIUI0 J1ADOPAMOPHOIL P AD OMbl:

l. O3HAaKOMHTBECS ¢ IIpHOOpaMH, HEOOXOIMMBIMH [JIS BEIIIOIHEHHS PpadoThl H
3aIlHcaTh MX TEXHHYECKHE JJaHHBIE.

2. CoOpats cxemy (puc. 4.10) mmsa mcclieOBaHHSA YeTHIPEXITPOBOMHOH IIEIH ITPH

COeIHHEHHH 3Be3]I01.

F'l -!_!-‘!"'"L:"'"'."!"!"'".'"!"."ﬂ:""‘""!"‘"!"!' TEMATEIT TAMATTITTS T TTIEATE MATE AT -
NOKYMEHT MOAMMUCAH AYTOIIHX Y CIOBIDIX.
3SNEKTPOHHOW NMOANUCHIO o
Ceprucbukar:  12000002A633E3D113AD425FB50002000002A6 3 (Ra=Rs=Rc), HCTIONB3YS B KaYeCTBE HAIPy3KH
Bnapeneu; lLebayxora TateAHa AnekcaHapoBHa
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6) TIpH HepaBHOMEPHOH Harpyske (a3 JaMITOBBIMH peocTaTaMH (B OZHOH (haze 4 ImaMIIhl,
BO BTOPOH — 3 H B TPEThEH — 2 JTaMIIbI);

¢) TIpH oOpeBe (pa3bl A (B OgHOH (paze Bce JaMIIbI OTKIIFOUEHBI, a B JABYX JAPYIHX —
BKITFOYEHBI ).

4. CoOpaTh cxXeMy IS HCCIIEJOBAaHHS TPEXIIPOBOJHOH TpexX(pa3zHOH IeNH IIpH
coeJMHEeHHH 3Be30H (prc. 4.11).

5. [TponsBecTH HCIBITAaHHA IIPH CIEAVIOMMX PeKIMaxX paOOTHI:

@) paBHOMEpPHAs Harpy3Ka BceX (pa3 TaMITOBBIMH PEOCTaTaMH,

6) HepaBHOMepHas Harpys3ka (a3 (aHaJIoTH4IHO 4.,0)

¢) OOpBIB (pa3kl (B OJHOH (pa3e Bce JIaMITbI OTKIIFOYEHBI, a B IBYX JPYTHX — BKIIFOUEHBI);

Prcynoxk 4.10 — Cxema U1 HCcIeIOBaHHS YETHIPEXIIPOBOHON TpeX(ha3HOH IEITH IIPH

COEITHHEHHH 3Be310I

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Prcyrok 4.11 — Cxema 1 Hccie JOBAHHS TPEXITPOBOIHOH TpeX(azHOI eI IIPH

COeHHEHHH 3BE3I0H

IIoxazaHus mpuOopos 3armcaTh B Tadmuiry 4.1.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ta0mma 4.1 PesyabTaThl H3MEPEHHH H BRI CIICHHIT

PexuM paboTel

BemmiuHer [TapameTp C HVYIIEBBIM

POBOOM be3 HyneBoro nmposoga

HM3MepeHHBIE
BEITHYHHEI

BrIumciIeHHEIE
BEJIHYHHBI

BelHUHHEL, o A - - - -
HaH IeHHEbIE

Uw B

H3 JHarpaMm |

COITpOTHRIEHHE Harpy3KH (pa3 BRI CIIATH 110 (DOPMYyJIIaM:
U, U, U

‘ _ . _-cC
r,=—, ['B—I—, FC_I_ .
A B C

M OIITHOCTSE LEIH OIMPEAETISATh 0 (POPMYIIaM:
P,=1, U +lpUp+l;-Ug
— ‘ + [ .
P3 IA UAC IH UEC
Beuay TOro, 4ro B JaHHOH J1abopaTOpHOH padoTe HCIIONB3YETCH H3MEPHTEIIBHBIH
xoMruieke K505, Bce M3MepeHHs M BBEIYMCIEHHS IIPOBOISTCS aHAIIOTHYHO YETBIPEXIIPOBOIHOM
CXEME.

Ilo PE3VIIbETaTaM HBMEPEHI[FI IIOCTPOHTE B MacImTade BEKTOPHBIC AHAI'PaMMBbI AJIA BCCX

PaCCMOTPCHHBIX CIIYHACE. OHPEI[EHII'TB Hd BCKTOPHBIX JHAI'PdNMMax Io 1 Up H 3aHECTH

PE3YIILTATEI B TaOIHIy 4. 1.

[IOKYMEHT NOAMNVCAH
SNEKTPOHHOM NoAnUchIO
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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Ilemp paboThI,

KpaTkHe TeopeTHYECKHE CBEACHHST,

OrmcaHie HCIIOIB3YeEMOro 000pyA0BaHHS H MaTEPHAJIOB,
I IopsimoK BREIITOITHEHHS PaOOTHI,

BrruncieHns H o0paboTka pe3yIIbTaToR,

N Sy R W

BBIBOJIEI.

K OHMPOJIbHBIE 601NPOCHL.

l. Kakoe coelHHeHHe Ha3bIBAeTCS COeIHHEHHEM 3BE3I0H?

2. Kak cTpoHuTCs BEKTOpHAS JHarpaMMma TOKOB H HAIIPSKEHHH IIPH CHMMETPHYHOH
Harpyske”?

3. B KakoM ciyyae OTCYTCIBYET TOK B HYJIEBOM IIPOBOIE?

4. IloueMy Ha HYJIIEBOH IIPOBOJ HE CTABAT IIPENOXPAHHUTEND?

5. KakoBel 0COOEHHOCTH peXHMa padoThl MOTPeOHTENIEH, COSQHHEHHBIX 3BE3I0H,

IIPH HepaBHOMEPHOH Harpyske (pa3 CHCTEM C HYIIEBBIM ITPOBOJOM?
0. KakoBel OCOOEHHOCTH peXHMa padoThl MOTPeOHTEIEH, COSJHHEHHBIX 3BE3JI0H,
ITpH 0OpEIBE (pa3kl CHCTEM C HYJIEBBIM ITPOBOJOM HIH 0e3 HEro?

7. Kakx H3MepSIOT MOITHOCTD TPeX(a3HOIO TOKa B YETBIPEXIIPOBOAHONH CXeMe?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamopras paboma Nel. Hcecnedosarnue TUHEUHOU 3JIEKMPULECKOU Henil npu

HEpHﬂﬂHIIECHm{ HECHHyCﬂHﬂ AJIbHOM HANPAMCEHU

HEJH: pﬂﬁﬂfﬂﬂ.’ PHGCMGTPETL JJNICEKTPHYCCKAA IICIIb COCTOAIIIYIO H3 ITOCICHOBATCIIBHO

BKIIFOUCHHBIX HHIAYKTHBHOI'O, CMKOCTHOI'O H aKTHBHOI'O CGHPGTI[BHEHI]IT

OCHO6bL MeopuUiL:

B  mganHonm  mabopaTopHOH  paboTe  pacCMaTpHBAeTCSd  JIEKTPHYECKas  IIEIIb,
IpecTaBlIeHHas Ha pHC.4.1 M cocTosmas M3 IOCIeAOBaTEIbHO BKIIFOUEHHBIX HHIYKTHBHOTIO,
EMKOCTHOI'O H aKTHBHOI'O COIPOTHBIEHHH. Ha 3akuMBI IenH IIOJAETCS  HAIIPSIKEHHE

IIPSMOYTOIBEHOH (DOPMBI, HMeloIee aMIIHTY Ay Um H yacToTy o=27 f=27/T.

il NN,

e
—

L

PucyHok 4.1 — DnekrpHyeckas cxema j1adopaTOpHOH padoTHI

[IpencrariieHHasa Ha pHCYHKe (DYHKIIHS HalpsDKeHHS paznaraercsa B pag Oypee:
flewt)=4U,/m*(sin wit+1/3-5in3 wt+1/5-sind wt+...)
JIeNCTBYIOIIHE 3HAYEHHS TAPMOHHK:
Ul=4Uw/(\N2-7) ;U3=U1/3:U5=U1/5: ut.I

[TpH cpaBHHTEIFHO HeOOTBIIMX 3HAUEHHSIX YacTOTHI ( Korja 3((eKT BBI-TeCHEHHS TOKa
HE3HAUHTEIEH, aKTHBHOE COITPOTHBIIEHHE LIETIH MOKHO CUHTATh ITOCTOSHHBEIM, B TO BpeMd KakK
HHAYKTHBHOE COIPOTHRIIEHHE IIOBBIIIAETCS, a €M-KOCTHOE — CHIKAeTCS IIPOITOPIIHOHAIIEHO
KPaTHOCTH 4acTOoT K:

XL,:;:)’{ LHL; ng:f/{/k EUC)

Ecm B paccMaTpHBaeMOH 3JIEKTPHYECKOH IIEITH IIPH OCHOBHOH 4YacToTe X;;=Xc;, TO TOK

OCHOBHOH TapMOHHKH OVIET OIPEENISThCSI TOIBKO aMIUIMTYIOH HAITPSKeHHS 3TOH TapMOHHKIH

H dKTHBHBIM COITPOTHBJICHHEM IICIIH.

[IOKYMEHT MNMOAONWCAH =UyR
SNEKTPOHHOWM NOANUCHLIO
Ceptuchmkar:  12000002A633E3D113AD425FBS0002000002A6 3YIOIIHE SHaYcHH S TOKOB OIIPEACIIAIOTCA
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

1 COITPOTHBIICHITSIMH.
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L=Us/=3=Uy/ N{R *+[3 wL-1/(3 wC)] ?},
I=Uy==Us/ R *+[5 wL-1/(5 wC)] ?},

YeM BhIIIIe rapMOHHKA, TEM MEHBINE TOK H TeM OOJIBIIE VIOl (pa30BOr0 CABHTA () MEKIY
HaITpSPKEHHEM H TOKOM JaHHOH FapMOHHKH. YTJIBI (Da30BOrO CJIBHra MOI'YT OBITh BEHIUHCIIEHEI B
COOTBETCTBHH C BBIPaKEHISIMH:

@;= arc cos(R/z;), @s= arc cos(R/=s),

AKTHBHASI MOIITHOCTH TIPH PE3OHAHCHOIT yacTote w=1/ V(LC):

P=P;+P;+Pst+.. . =U; 1l +U;I;cos ¢ ;+UsIscos pst...

ﬂEﬁCTE}’TOH[EE SHAUYCHHE HECHHYCOHNIAJIbHOI'O TOKA.
— 2 2, 12
I—\/(Il+13+15+. .

CHE,[[}*'ET OTMETHTL, UTO CCIIH B LICTOI HMCCT MCCTO PC30HAHC HBHP}DKEHI]I‘T OIS HEpEGﬁ

IFAapMOHIIKII, TO TOKH OCTAJIbHBIX I'd PMOHHMK 6}*’,[[}@ HE3HAYHTCIIBHBIMIL, ITOTOMY HAIIPAXKCHIIC Ha
dKTHBHOM COIIPOTHBJIICHHH 6}"I[ET OIMH3KHM K CHHYCOHAAJIbHOMY., d CYNMad H&HPH}I{EHI]IUI

OCTaJIbHBIX TapMOHHK OYAET IpHiokeHa K LC-QpHIbTpY.

Ykazanue no mextiuke dezonacHocmii:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pElﬁGT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKazanusa no 6inoiHeHUI0 140 opamopHoil pao omal:

1. CoOpath cxXemy, H300pakeHHYIO Ha pHC.4.1. B cXeMe HCIIOIB30BaTh B KaUECTBE
KaTYIIKH HHAYKTHBHOCTH OOMOTKY TpaHC(OpMaropa ¢ YHCIOM BHTKOB W=300, KOHAeHCaATOp
éMKOCTBIO 0.47MK® u compotuBicHHe 100 OM. Llerp IMOAKIIIOUNHTE K TeHeEPATOPY IIePEMEHHOL O
HAITPSDKEHHS. Y CTAaHOBHTH IPEJCI H3MEPEHHM S TOKA Ha MyIIbTHMeTpe 200 MA.

2. BTOpEIM MYIBTHMETPOM H3MEPHTh AKTHBHOE COIIPOTHBIIEHHE  KATVIIKH
HHAYKTHBHOCTH RK M COIIPOTHBIEHHE Harpy3kKH RH, 3aTeM INepeKFOYHTh MYIBTHMETD IS
H3MEPEHH S HAIIPSDKEHUS, YCTAHOBHB TIpeen m3MepeHus 20 B.

3. BKIIOUNTE TeHepaTop CHHYCOHIAIBLHOTO HAaIIPsDKEHHS, YCTaHOBHTBL YacCTOTY
500"ty n HampspkeHHe > B. M3MepHTH TOK B IIEITH M HalpsDKEHHE HAa KaTVIIKe. BEMHCIHTE

HHAYKTHBHOCTE KATVYIIKH, I1OJIb3YACh BbIPAKCHILTAMI.

X =22 —R’

7 TT/T_ K _ g I
[OKYMEHT NOAMMUCAH , L=X/(2xf)
3NEKTPOHHOWM MOANUCHIO | . . _
Ceprvdukar: 12000002A633E3D113AD425FB50002000002A6 y OCHOBHOI (TIEPBOT) FapMOHHKH:
Bnapeneuy: lLleBayxoea TateAHa AnekcaHapoBHa 'C) f — w /(? ?!;J
L) Ji— w2 T
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5. YactoTy fi YCTaHOBHIbR Ha TI€HepaTope, IIEPEeKIIOYHB €ro Ha CHIHAI

MPSMOYTOJIBHOH (opMBI. MeIeHHO Bpalmas PyKOSTKY H3MEHEHHS YacTOTBI, JOOHTHCS
MAKCHMAJILHOI'O TOKAa B I[EIH, CPaBHHUTH ITOIVUEHHVYIO PE30HAHCHYIO YacTOTY fi'C PacUYETHOM.
JIng HampsDKeHHS Ha BRIXOJE reHeparopa UmM=> B BBIMHCINTL aMIIIMTYIHBIE H IeHCTBYIOIIHE
sHaYeHHS HaIIPsDKeHHH 3-H, 5-H B 7-H TrapMOHHK, ITOIb3YSICh (POpMYIaMH:
flewt)=4Un/m*(sin wit+1/3-5in3 wt+1/5-sin5 wt+...)
Ul=4U,/(N2-7) ;U3=U1/3;U5=U1/5; u 1.1

0. JIIs BKCIIEpHUMEHTAIIBHO HAHAEHHOH 4YacTOTHI f1° BBIYHCIHTE JIEHCTBYIOIIHE

3HAYeHHS TOKOB 3-i, 5-H B 7-H rapMOHHK, ITOJIb3YSCh (POPMYIIaMH:

L=Us/==Uy/N{R *+[3 wL-1/(3 @C)] 3},
[=Us=5=Us {R *+[5 wL-1/(5 0C)] %},

7. BEIUHCIHTE YITIBI (PA30BBIX CABHIOB T'apMOHHK, a 3aTeM — aKTHBHYIO MOIITHOCTE
10 (pOpMYIJIE:
;= arc cos(R/z;), @s= arc cos(R/zs),
8. BEIYHCIIHTD AefiCTBYIONIee 3HaYeHHe HECHHYCOHIATbHOI'O TOKA.
0. BheIunciieHHble 3HAYEHHS TOKAa H MOIMHOCTH CPaBHHTb C ITOKa3aHHSIMH

dMIICPMETPaA H BaTTMCTPa ITPH YCTaHOBICHHOM Ha BBIXOJC I'CHCPATOPA HAIIPAKCHITH 5B.
10. I/IBMEPHTL HAaITPp;-LDKEHHE Ha dKTHBHOM COITPOTHBIICHIH HAI'PY3KH H CPABHITL €I'0 C
BBEIYHCIICHHBIM ,[[EﬁCTE}’TOH_[HM HAITPAACHIICM HEPEDﬁ I'apMOHHKH.
I IZU j/'i’?
P:Pj ‘|‘P3‘|‘P5‘|‘... :Uj .H ‘|‘U3. I;-r cCOs @ 3‘|‘Ujfj coSs t,’ﬂﬁ‘...
11. HG,I[I{JIIGT-IEIH GCI_[HHJIGI‘pﬂd) HGG‘IEPE,I[HO K BBIXOOY I'CHCPATOpad, K aKTHBHOMY
COIIPOTHBIICHHK H K

INIOCIICAOBATCIIPHO  BKIIIOYUCHHBIM A KOHACHCATOPY H

KaTVIIKE
HHIAYKTHBHOCTH, 3apHCOBaTh Ha KalbKe, ITPIIOKEHHOH K SKpaHy, KPHBBIE HaITPSKEHII.
YOenuTbcs, YTO KpHBasI HAIIPSDKEHHS Ha BBIXOJIe TeHepaTopa HMeeT IIPSMOYTOIIbHYIO (DOPMY, Ha
aKTHBHOM COITPOTHBJIEHHH — OJm3ka II0 (opMe K CHHycoHZe, a Ha LC-QHIbTpe KpHBas
IIpeJCTaBIIIeT CYMMY BCeX BBICIIIHX FapMOHHYECKHX COCTABIISIOIIIX.

PesybTaTsl BRIYHCIEHHI H H3MEPEHHH 3aHEeCTH B Tadmmiry 4.1.

Tabmmia 4.1 — PesyibsTarsl 1a00paTOpHOH padbOTH

fl I Rk RH X3 X5 X7 /3 75 77
['1r ['11 OM OmM OmM OM OM OmM OmM OM
NOKYMEHT NOANUCAH 1 1
SNEKTPOHHOW MOANUCHIO lpace. | Loxen. | @3 Ps 7 Ppacs_| Poren
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 MA | MA |rpax | rpax | rpax | MBT | MBT
Bnapeneu: Lebayxoea TaTeAaHa AnekcaHgpoBHa
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Coodepacarue omuema:

OT4YeT JOIKeH COAEPKaTh:

1. Hassanue paOoTHI,

[lems paboTHI;

KpaTkue TeopeTHUYECKIHEe CBEAEHH,

OrmicaHHe HCIIOIb3YEMOI0 000PYI0BAaHHSI H MaTePHAJIOB,
IlopsimOK BEITTOITHEHHS PaOOTHI,

BreruncieHns H 00padoTka pe3yiIbTaToB,

e

BBIBOJIBI.

K OHMPOJIbHbBIE 601NPOCHI.

]. Kakmne TrapMOHHKH COJEPKHT CHIHAJI, CHMMETPHYHBIH OTHOCHTEILHO OCH
aOcirrcc?
2. Kak BBIUHCIHTL COIPOTHRIIEHHE AKTHBHO-PEAKTHBHOH IIEIH I OTHEIbHBIX

FapMOHHK TOKa?

3. Kax BBEIMHCINTG VYITIBI (Pa30BOIO CABHTAa Me’KJYy TOKOM H HaIpsSDKEHHEM I
OTAelIbHEIX TapMOHHK?

4. Kak BBEIYHCIHTH AEHCTBYIOIEE 3HAUYEHHE IIepHOJHYECKOrO HECHHYCOHIAIBHOIO
TOKa?

5. Kak  BBUHCINTE  aKTHBHYK)  MOIIHOCTE B  ILENH  IePHOAHYECKOIrO

HECHHYCOHIAJIBHOI'O TOKa"?

0. Kakx MO>KHO BBIJIEIIHTD OJHY H3 I'dapMOHHK IICPHOJHUYCCKOI'O0 HECHHYCOHI4JIBHOI'O

TOKa HJIH HaITpsDKeHHT?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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JJabopamopran paboma Ne6. Hcceneodosarile nepexo0HbIXx NPoLeccos 6 Uenu ¢

EMKOCHbLIO.

HEJH: pﬂﬁ omasl. 3aKPCITJICEHHE METOHKI pElG'LIéTEl IIEPEXOAHBIX IIPOIECCOB KIIACCHYCCKHM

METOJOM B LICIIAX, COACPIKAIIlIX EMKOCTB, ITPaKTHYECKAA ITPOBCPKA PE3VIIBTATOB pElC‘IéTEl.

OcHOé6bL meopuu.
]_[E]'[L C OOJHHM KOHACHCATOPOM H COITPOTHBIICHIAMI OIINCBIBACTCA ,I[II(l)(l)EpEI—H_[HElJILHBIM

YPAaBHCHHEM IICPBOI'O ITOPAAKA, ITOSTOMY cBOOOIHAsI COCTaBILIOIIAS TOKA IIIH HAIIPKCHIA B

g pt
TEOGOIT BETBH HMeeT OfHO claraeMoe Brja /1€ , TIle p — KOpeHb XapaKTepHCTHYECKOIO
yVPaBHEHHS, a A — ITOCTOSHHASA HHTETPHPOBAHHS.
XapaKTepHCTHYECKOE YPaBHEHHE MOJKET OBITh COCTABIEHO B BHJIE:

Z(p)=0 uwm Y (p)=0

3

rJe: Z(p) u Y(p) - BXOmHBIE OIlEpaTOPHBbIE COIPOTHBIIEHHE H ITPOBOJHMOCTHE. OHH
MOTYT OBITH TIONYYEHBI 3aMEHOH B BBRIPaKEHHSIX KOMIUIEKCHOIO COIIPOTHBIEHHS M
ITPOBOAHMOCTH IIeITH apr'yMeHTa j*t Ha oIeparTop p.

[IocTOSHHBIE HHTETPHPOBAHHSA A I KaXKIOr0 TOKA HJIM HAIPsKeHHS OIPeJelIseTCI U3
HAYAJILHBIX YCIOBHI. /[ OIIpeJesIeHH IIOCTOSHHOH 4 HeOoOXOAHMO 3HATh 3HAYEHHE HMCKOMOH
(PYHKIHH B IIePBBII MOMEHT BpeMeHH ITOCIIe KOMMYTAIHH (TIpH t = +0).

HauanmpHOe 3HaUeHHE HAIPsKEHHS HAa KOHAEHCATOPE ONIpelesseTcs H3 IIEPBOrO 3aKOHa
KOMMYTaIHH: 1c(+0) = uc(-0).). B cBoro odepenp (-0 ompeaenseTca H3 pacuéTa IENH 0
KOMMYTaIlHH. HayarpbHble 3HaueHHSI APYTHX BelIMYHH (TOKOB H HaIpsKeHHI, KOTOPhIe MOTYT
H3MEHSAThCS CKAaYKOM) PacCUHMTBIBAIOTCS IO 3aKOHY OMa H 3akoHaM Kupxrod)a B MOMEHT
BpeMeHH = +0.

Taximm GﬁpﬂBlﬂM: BCC TOKH H HAIIPpLKCHITA B IICPCXOJHOM PCIIMEC H3MCHAROTCA IIO

SKCIIOHEHIIHATTbHOMY 3aKOHY C OJHOH H TOH € IIOCTOSHHOH BpeMeHH ( I:U‘p ‘ ) OT
HAYaJIbHOIO 3HAYEHHS 0 YCTaHOBHBINerocd IIpm4yéM, HayalbHOE 3HAYeHHE HaIpPsDKeHHS Ha
KOHJICHCATOPE PABHO HAIIpSDKEHHIO Ha HEM HEIOCPEeJCTBEHHO Iepeli KOMMYTAIHEH, T. €.
CKauKOM HE MEHSIETCS.

B manHOH pabore KkoMMyTalHsg (BKIIOYEHHE M BBIKIIFOYEHHE) OCYINECTBIISETCS

NOKYMEHT T'ID,HI'IMCAH OTITHPAIOIIIHE HMIIYIIBChI TOKd OT HCTOYHHKA
SNEKTPOHHOWM NOANUCHLIO
Ceptudchikatr: 12000002A633E30113AD425FB50002000002A6 FI_[. B PE3YIILTATC o0a IICPEXOMTHBIX ITPOLCECCA
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

J1daTh Ha GCI_[IIJIJIGI‘pad)E:.
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AOKYMEHT NOANMCAH
QNEKTPOHHOW NMoArnncbio
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: LWebayxopa TaTeAHa AnekcaHOpoBHa
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YKkazanue no mexHuke d0e3onacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{bIK paﬁn:rr

ITPHBEACHEBIL B ITPHIIOKCHHC A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil pab omal:
1. Paccunrars gokoMMmyTalHoHHBEIE (t=-0), HavanbHbIe (t=+0) H yCTaHOBHBIIHECS
(t== « ) 3Ha4YeHHS TOKOB H HallpsDKEHHs Ha KOHJeHcartope B IenH (puc. 10.1.1) B mByx

CIIVHAAX. ]l. - xirOUY 3dMbBIKACTCAH, 2. - KIIIO4 Pa3MBIKACTCA.

R, 330 Om } i

|
U c _{
158 10 Mkd ™ R, 2200M

\
§ -

PrcyHok 6.1 — PacueTHas cxeMa IepexoJHOro IMpoIiecca ¢ EMKOCTBIO

2. B KaxmoM M3 3THX CIIYYaeB OIPEAEIIHTL ITIOCTOSHHYIO BPEMEHH IIETIH, CHATH
OCI[HIUTIOPAMMBI  PACCUHTAHHBIX BEIHMYMH H YOeIHTHCS, YTO BCEe TOKH H HAIPSDKEHHE Ha
KOHZ[EHCATOPE H3MEHSIIOTCA ¢ OJHOI ITOCTOSHHOM BPEMEHH, a HAIIPSKEHIE Ha KOHAEHCAaTOpe HE
MEET CKauKOB.

3. [IpH BKIIOYEHHH KIXoYa B IemH (pHC. 6.2) paccuMTaliTe TOKH H HaIlpsoKeHHEe Ha
KOHJIeHCcaTOpe A0 KoMMYyTaluH (t=-0, KIIF04Y pa30MKHYT), B IIEPBBIH MOMEHT ITOCIIE KOMMYTAI[HH
(t=+0, K04 3aMKHYT) H B HOBOM YCTAHOBHBIIEMCS pekHMe (2= ). PesymbpTaThl pacuéra
3aHecHuTe B Tadm. 0.1

4. [IoBTOpHTE pacUET IMIPH pasMBIKAaHHH KJIr0Ya. Pe3yIbTaTel 3aHECHTE TaKKe B Tal0ll.
0.2

5. CocTaBbTe XapaKTEPHCTHYECKOE YpaBHEHHE, OIpeJelHTe KOpeHb p H

TIOCTOSIHHYIO BpeMEHH = “‘P ‘ IUIS TIEPBOTO M JITISI BTOPOT'O CIIVYAEB, 3aHECHTE PE3YIILTATHL B
Tabm. 6.1 n 6.2
0. CoOepHTe 1IIenb cormacHo cxXeMe (pHc.6.2), BKIOUYHB B HeE BMECTO

H300paKeHHBIX H3MEPHTEIIPHBIX ITPHOOPOB COOTBETCTBYIOIIME THE3Ja KOHHEKTOopa. OOpaTHTE

BHUMAHEE Ha HOTINHOCTE ATSKTROTHTHUSCKOTO KOHEHCATOPA

OJOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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7. Bxmrounte ocipiorpad, yCcTaHOBHTE pa3BEPTKY 2 MC/men H IepepHCYHTe

H300pakeHHe YeTBIPEX H3MepsieMbIX BelnmdyHH Ha rpaduk (puc.10.1.3). He 3a0yapTe ykazarthb

MacIuTad U1 KaoH KPHBOH.

8. Omnpegemnre 10 TIpa@HKy HWIH  HEIOCPeACTBEHHO II0  OCIIIorpady
JTOKOMMYTAIHOHHEIE (t=-0) HavanbHble (t=+0) H ycTaHOBHBIIHeCS (2= © ) 3HAYEHHS TOKOB H
HaIpsDKEHHS Ha KOHIcHcaTope B ILEMH B ABYX CIVYasIxX: 1. - KIIOY 3aMBIKaeTCsd, 2. - KIIIOU
Pa3sMBIKAETCS. 3aHECHTE MX TakKe B Tadm. 0.1, 6.2 H CpaBHHTE € pacUETHLIMH

9. OrnpeaeniTe I10 rpaHKaM ITOCTOSHHBIE BPEMEHH ITPH 3aMBbIKaHHH H Pa3MbIKaHHH

Kiroya. CpaBHHTE HX C PACYETHEIMH 3HAUEHHSIMH H 3aHeCcHTe B Tabm. 6.1 1 6.2.

10. [IpoaHATH3HPYHTE PE3YIILTATEL H CAEIIANTE BEIBOIEI.
R, 220 Om | | C
1 1 3
(A1) ———(A3) o

L e ),

— ~7B, 50 'y

KT302I —O
47/00m N

R, 1500M

PHCYHOK 0.2 — DJIeKTpHyecKas 1EIb

Tabmmia 6.1 — Kimrod 3aMeIKaeTCA

t o, B I, bA ijJ MA I3, MA :x::, MC
- 0, pacuér
- 0, BKCIIEpHMEHT Pacuér:
+ 0, pacuér 0= MC
+ 0, SKCIIepHUMEHT OKCIIEPHUMEHT:
©  PacuéT Q= MC
0 3
SKCIIEPHMEHT

Tabmma 6.2 — Kirou pasMbIKaeTCs

t o, B I, bA ijJ MA I3, MA :x::, MC
N rnantraw
[IOKYMEHT NOOMNUCAH
SNEKTPOHHOWM NOANMUChIO PacuEr-
Ceprudbmkar:  12000002A633E3D113AD425FB50002000002A6 aCHcT.

Bnapeneu: ebayxoea TaTeAaHa AnexkcaHapoBHa
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+ 0, pacuért 0= MC
+ 0, SKCIIEpHUMEHT OKCIIEPHMEHT
©  PACUET 3= MC
o0
3
SKCIIEPHMEHT

Codepocanue omuema:

OT4YeT JOIKEH COLEePKaTh:

1. Haspanme paboTHI,

Ilemp paboThI,

Kparkue TeopeTHUYECKHE CBEAESHH,

OrmicaHHe HCIIONB3YEMOI0 000PYIOBAaHHSI H MaTePHAJIOB,
[ IopsimoK BREITTOITHEHHS PAa0OTHI,

BreruncneHnsa n o0paboTKa pe3yiIbsTaToR,

A -

BBIBOIELI.

K OHMPOJIbHbBIE 601NPOCHL.

1. [loueMy Ha KOHIEHCATOPe HaMPSKEHHE HE MOKET H3MEHATHCS CKaUKOM?

2. YTO MOHMMAIOT ITOJ KOMMYTAI[HEH?

3. YeM orpeenseTcs CTENEHb XapaKTePHCTHYECKOIO YpaBHEHH ST?

4. KaKk TIOnyuYHTh XapakKTEpPHCTHUECKOE VYpPaBHEHHE IEIH 4Yepe3 €€ BXOITHOE
COIPOTHBIIEHHE?

5. KaK BBIYUHCIISIOT JOKOMMYTAI[HOHHBIE M IIOCIIEKOMMYTAI[HOHHEBEIE HayallbHBIE
YCIIOBHS?

0. YTo Takoe MOCTOSHHAS BPpEMEHH IIEPEXOAHOrO IIpoIiecca?

7. Kax M3MeHHTCS ITOCTOSHHAS BPEMEHH IIEIIH ¢ KOHIEHCATOPOM IIPH VBEIHYEHIH

ero EMKOCTH?
3. KaKk BIHMSET aAKTHBHOE COIIPOTHBJIEHHE OSIEKTPHUYECKOH IEMH, COJEpKaleH
EMKOCTb, Ha JUINTEJIbHOCTh IEPEXOMHOIO ITpolecca’?

9. Kaxk PAaCCHHTBIBAIOT 3dBHCHMbBIC Ha4YdJIbHBIC }*'CJIGEHH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jdabopamopran paboma Ne7. HceneodosarHiie nepexo0HbIXx NPoLeccos 6 Uenu ¢

HH ﬂy:cnm&rmcmam.

HEJH: pﬂﬁ OMmbl. BaKpE:HJIEHHE MCTOAHMEKH pﬂﬂ‘IéTﬂ IIEPEXOJHBIX ITPONECCOE KJIIACCHYCCKIIM

METOJOM B LCITAX, COACPHAIITHX HHAYKTHBHOCTD, IPAKTHYCCKAA ITPOBCPKA PE3YVIIBTATOB pﬂC‘IéTﬂ.

OCHO6bL MeopuiIL:
[{ers ¢ OMHOH KaTyINIKOH HHAYKTHBHOCTH, TaK K€, KaK H IEMb ¢ OJHHM KOHIEHCATOPOM
OITHChIBaeTcs JH(PepeHIHaIbHBIM YpaBHEHHEM IIepBOro IOpsaka. IlosTomMy Bce TOKH H

HAIIPSDKCHHA B IICPEXOIHOM PEHIIME H3MCHIAIOTCA ITO 3KCITOHCHITHAJIBHOMY 3dKOHY C OJTHOH H

TOI K& TIOCTOSHHOH BpeMeHH ( =1/ ‘P ‘ ) OT HayaJIbHOrO 3HAYEHHSI JO YCTaHOBHBIIETOCS.
[Ipruém, HayaIbHOE 3HAYEHHE TOKAa B MHAYKTHBHOCTH PAaBHO TOKY B HEH HEITOCPEIACTBEHHO
Iepel] KOMMYTAI[HEH, TaK KaK TOK B KaTVIIKe HEe MOXET H3MEHSITHCS CKAauKOM IIO0 3aKOHY
KOMMYyTAaIMH. HarpsckeHile Ha KaTyIIKe MOKET H3MEHATHCSA CKAaUKOM H ITPH OTKIIFOUEHHH MOKET
IOCTHUIaTh BeCchMa OOIIBIIIX 3HAYEHHII.

B manHOiT paboTe KOoMMYyTalis (BKIIOYeHHE H BBIKIIOUEHHE I[EITH) OCYIIECTBIIETCS
TPaH3HUCTOPOM, Ha 0a3zy KOTOPOro IMOMAKOTCS OMHOIIONSPHEBIE ITPSAMOYIOJIBHBEIE OTIIHPAFOIIHE
HMITYIIECBI TOKA OT TeHepaTopa HaIlpsDKeHHH crielfHalbHOH (popMel ¢ yacToTol 200 I'm. IlosTomy

o0a IepeXOMHBIX IIpOollecca IEPHOAHYECKH ITOBTOPSIOTCS H MX MOKHO HaOmomarh Ha

OOBIYHOM HJIH BHPTYaIIbHOM OCITHJIIOrpade.

YKkazanue no mexHuke d0e3onacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{bIK paﬁn:rr

ITPHBEACHEBIL B ITPHIIOKCHHC A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil pab omal:

1. BreiBecTH Ha AuCIDIeil ocIuniorpada KpHBBIE TOKa H HaIlPsDKEHHS Ha KaTyIIKeE
HHIYKTHBHOCTH ITPH MOAKIFOYEHHH H OTKIIOYEHHH HCTOYHHKA ITOCTOSHHOIO HampsKeHHS. B
KaXKIOM H3 5THX CIIy4aeB OITPE[elINTh SKCIIEpHMEHTAIbHO H PAacCYHTaTh JOKOMMYTAI[HOHHBIE
(t=-0), HavanpHble (t=+0) M ycraHOBHBHIIHMecsS (1= © ) 3HaYeHHSI TOKa H HAaIIpSDKEHHS Ha

KAaTYIIKE, OIIPCACIIHTD ITO OCHHJIJIOIPaMME ITOCTOAHHVYIO BPCMCHH LICTIH.

T NOKYMEHT MOONACAH teMe (pmc.7.1), BKIIOYHMB B Heé BMeCTO
ANEKTPOHHOW NOAMNUCHIO }
Ceprudpmkar:’ | '12000002A633E3D113AD425FB50002000002A6 BETCTBVIOIIHE THE3Aa KOHHEKTOPA.
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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PucyHok 7.1 — I IpHHIIIHANIBHEIE cXeMa JTadopaTOPHOH pabOoTH

3. Bxmrounte ocummiorpad, ycraHoBHTe pa3BEpPTKY 0,5 MmC/men M IepepHCYHTE
H300pakeHHe TOKa M HalpspKeHHS Ha KaTylnke Ha rpaduk (puc.7.2). He 3a0ynbTe yKaszarth
MacIuTad U1 KaoH KPHBOH.

4. Omnpegemnre 10 TIpa@HKy HWIH  HEIOCPeACTBEHHO II0  OCIIIorpady
JTOKOMMYTAIHOHHEIE (t=-0) HavanbHble (t=+0) H ycTaHOBHBIIHeCS (2= © ) 3HAYEHHS TOKOB H
HaIpsDKEHIIT Ha KaTVIIKe B JBVX CIyYasdx: l. - KIIOY 3aMBIKAacTCS, 2. - KIIFOU Pa3MBIKAeTCsL.
3aHecuTe UX B Tabdm. 7.1.

5. Paccunraire TOKH H HaIpsDKEHHMS HA KaTYIIKE JUIS ATHX K& MOMEHTOB BpPeMEHH,
3aHECHTE PE3YIIbTAThI TAKKe B Ta0m. 7.1. CpaBHHUTE pe3yiIbTaThl pacyéTa M 3KCIIEPHMEHTA.

0. OrpeaeTe M0 OCIHIIIOrPaMMaM ITOCTOSHHBIE BpeMeHH ITPH BKITFOYEHHOM H ITPH

OTKIIIOYCHHOM HCTOYHHES ITTAaHIHA.

Kntoy samKHYT Knoy pasomMKHYT
< > < >
A
5 u, |
4
3 MacLuTabbl
2
1 || M B/nen
0 —»
M=, mA/aen
-1
-2
m=......... mC/nen
-3
-4
i
ONOKYMEHT MOONMWCAH
SNEKTPOHHOM MNOAMUCHIO 7 8 9 10
Ceptuchmkar:  12000002A633E3D113AD425FB50002000002A6
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Tabmmira 7.1 — Kirou 3aMKHYT

t Brmouenme, Yo = MC BrIKIIOueHTE, Jo— MC
ur, B Ir, MA ur, B Ir, MA
- 0, pacuért
- 0, 3KCcIIe pHMEHT
+ 0, pacuét
+ 0, 3KCIIepHMEHT
© | pacueTr
o
HI{CHEPI]I\:IEHT
Tabmma 7.2 — Kiroy 3aMKHYT
t BKIroueHme, Jo = MC BrIKIIOUeHTE, Jo= MC
ur, B Ir, MA ur, B Ir, MA
- 0, pacuért

- 0, 3KCcIIe pHMEHT

+ 0, pacuét

+ 0, 3KCIIepHMEHT

“ |, pacueTt

o0

3

JKCIICPHMEHT

Codeporcanue omuema:
OT4YeT JOIKEH COMEPKaTh:
l. Haspanme paboTHI,

[lems paboTHI,

[ IopsimoK BREITTOITHEHHS PAa0OTHI,

N S AW

BBIBOELI.

AOKYMEHT NOAMNUCAH
SNEKTPOHHOW NOANMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Heincreutened: ¢ 20.08.2021 no 20.08.2022

KpﬂTI{HE TCOPETHUYCCKHE CBCIACHIA,

BreruncrneHnsa n o0padoTka pe3yinbpTaToB,

OrmcaHIe HCITIOIIB3YEMOI'O Oﬁﬂp}’ﬂﬂﬂﬂ}]}[ﬂ H MaTCPHAJIOB,

' MOXKEeT H3MEHSTHCS CKauUKOM?

1?
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3. YemM orpegensieTcs CTENEHb XapaKTepHCTHYECKOIO YPaBHEHH A7

4. Kak TIoIyuynrs XapakKTepHCTHUECKOE VYpaBHEHHE IIEIM 4Yepe3 €€ BXOIHOE
COIPOTHBIIEHHE?

5. KaKk BBIUHCISIOT JOKOMMYTAL[HOHHBIE H ITOCIEKOMMYTALHOHHEIE HayalIbHbIE
YCIIOBHS?

6. YTo Takoe IOCTOSHHAS BpeMeHH IIepeXOMHOr0 Ipolecca?

7. KaK H3MeHHTCS ITOCTOSIHHAs BPEMEHH IIEIHM C KaTYIIKOH IIPH YBEJIMUYEHHH €&
HHIYKTHBHOCTH?

8. KaKk BIHMSET aAKTHBHOE COIIPOTHBJIEHHE OSIEKTPHUYECKOH IEMH, COJEpKaleH

HHAYKTHBHOCTE, Hd JJIMTCIIBHOCTD IICPEXOJHOI'O ITPOLECC a?

9. Kaxk PAaCCHHTBIBAIOT 3dBHCHMbBIC Ha4YdJIbHBIC }*'CJIGEHH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopras paboma Ne8. I1epexoonsie npoueccot 6 R-L-C Konmype.

HEJII’: pﬂﬁﬂﬂlbl.’ HccrnenoBath IIEPEXOAHBIC IIPOICCCBL B BJIEI{TPII‘IEGI{Dﬁ TICTIH,
COCTOSIIEH H3 IIOCIIEAOBATeIbHO BKIIIOUEHHBIX aKTHBHOI'O COITPOTHBIICHHA, HHAYKTHBHOCTH H
EMKOCTH, OIIPEACIOITE 3aBHCHMOCTE XaAPAKTICpad IICPEXOAHOI'O IIponeccda OT COOTHOIICHIIA

BCIIMYHHEI ITaPaMETPOB 3JICEMCHTOB CXCMHBEI.

OcCHO6bL MeopulL:

B 3aMKHyTOM KOHTYpe (pHc. 8.1) ITocile OTKIIOYEHHH €r0 OT HCTOYHHKA ITOCTOSHHOTO
IWIH TIEPEMEHHOI0 HaIPSUKeHHS MOI'YT BOBHHKHYTH 3aTyXarollHE CHHYCOHAAIbHBbIE KOJIeOaHHS,
0OyCIOBIEHHBIE HavalbHBIM 3allacOM 5SHEPTHH B SIEKTPHYECKOM ITOJIe KOHAEHCAaTopa H B
MAarHHTHOM ITOJIE€ KaTYIIKH HHAYKTHBHOCTH.

B o0meM cioy4yae COCTOSIHHE LIEIH OIPEeJeNIseTcsa H3 JH((QepeHIHAIIbHOIO YPaBHEHHS,

COCTABIIEHHOT O IT0 BTOPOMY 3aKOHY Kupxroda:

.. di
R:+LE+UC:0.
[TOCKOMBKY i=C ducl’dt,
du - d’u,
RCE-FLC dt‘? +HC:U,
TUTH
du du
c,R%c, 1 0.

+ +=
2 L dt  LC'cC

t=0 | R L

\ 4 \
Pucynok 8.1 — I IpHHI[HTIaTIbHAS 3JIeKTPHYeCKas cXeMa 1ad0opaTopHOH padoTEI

NOKYMEHT NOAMNUCAH | .
SNEKTPOHHOWN Noanuchbio IO YPAaBHCHITA 3daBHCHT OT XdPdKTCPpd KOPHCH

Ceptudchmkar:  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: [Llebayxoea TateAHa AnekcaHgpoBHa
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p2+Ep+i+[]_

L LC
KopHH 5TOro ypaBHEHNS:
__R,JRP 1
P=or V2L TIc
| '|2
[ﬂ L 50,1 0. R>2|2=R,
KDI‘,I[& '- 2L ! LC C ) KOPHH BCIIICCTBCHHEIC

OTPHLATCIIBEHBIE H IIPOLICCC H3MCHCHIAA TOKd H H&HP}DKEHI]I‘T HMECT ﬂHEpIIG,I[IIIIECIﬂIﬁ

saTyxaroni Xapakrep (prc.10.3.2a). Ecrm ke R<R,,, TO BO3HHKaeT KoleOaTeIbHEIH ITPoIEece

(puc. 10.3.26). Torma pemenre nud QepeHIHaTbHOIO YPaBHEHII HMeET BHIL:

U _ . u
u.=——e “sin(ot+y|; i=—re *
siny wL sIn‘iz,
R _ L_(iz
0=27 LC |21

PrcyHok 8.2 — I'paHK 3aTyXaroIiX CHHYCOHIAIbHBIX KOIeOaH i

HPH YMCHBIICHHH COIIPOTHBIICHHA OT HCKOTOPOI'o 3HAYCHHA 6DJILH_[EFO:, HEM RK[)
CHa4YdJId VYBCIIHYHBACTCA CKOPOCTE 3daTYXAIOIICI'O allICpHOJHYCCKOI'O IIPOICECCa, 3aTCM, IIPH
R:RKP Ka4UC€CTBCHHO H3MCHACTCH XaPaKTCPp ITPOLECCa — OH CTAHOBHICA KonebaTelbHBIM - H IIPH
IalIbHe HITIEM YMEHBIICHHH COIIPOTHBIICHHA YBCIIHYHBACTCA YdCTOTa KonebaHHH H YMCHBIIIACTCA

3dTYXaHIHCE. HPH R:, CTPEMAIIEMCA K HVYIII, YdCTOTd CTPEMHTICHA K pEBDHﬂHCHGﬁ HaCTOTC

' , @ 3aTyXaHHe — K HYJIIO.
B pmanHoii paboTe 3apsgy KOHAEHcCaTOpa OO HamnpsKeHHS 1y OCYIIECTBIISSTCS

OOHOIIOJIIAPHBIMIT ITPAMOYI'OJIBHBIMIT HMIIYIIbCAMI HAIIPAKCHHA H HCCIICAYCTCH IIPOICCC <I'o

NAANgGma . WA COTNOTURTAULE U UHTUETURUONCT, BO BpPeMS IIay3 MEXAY HMITYIIECAMI.

NIOKYMEHT MOAMMUCAH
SNEKTPOHHOW MOAMUCHIO |
Ceprucpukar:  12000002A633E3D113AD425FB50002000002A6 1eHCaTopa MOXKHO HAOOJATh Ha SMEKTPOHHOM
Bnapeneu; LUebayxopa TatebAHa AneKkcaHapoBHa
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YKkazanue no mextHiuke dezonacHocmil:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHﬁIK pﬂﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:

1. HMcciaemoBaTh BIHSHIE AKTHBHOIO COIPOTHBIEHHS Ha XapakTep IIpolecca
paspsia KOHJASHCAaTOpa Ha COIIPOTHBIIEHHE H HHAYKTHBHOCTh. CpPaBHHTL SKCIIEPHMeHTalIbHBIE
JaCTOTY H 3aTyXaHHe KOoIeOaHHI ¢ paCUETHRIMH 3HAYESHHSIMI.

2. HA3MepbTe OMMETPOM H  3allMIINTE AKTHBHOE COIPOTHBIEHHE KaTYIIKH
HHAVKTHBHOCTH, YKa3aHHOH Ha cxeMe (pHc.7.3):

Ry= OM.

3. Berumcimite PE30HAHCHYIO HdCTOTY H KPHTHHUCCKOC COIIPOTHBIICHHE KonedaTelIbHOI 0

KOHTYpa:
fim——=
2L o
L
RK =) —=
P C Om;
4. CoOepHTe Iielb corilacHO cxXeMe (puc.7.3), BKIIOYHB B Heé B KadecTBe

H3MCPHTCIIBHBIX l’[pHﬁGpDE COOTBETCTBYIOIIIHE THE3Ta KOHHEKTOP4A, BBIBCIAHTC HDI[CTPGE‘H—[BIﬁ
PE3HCTOP Rpo6 Ha HOIp H YCTAHOBHTC Hd HCTOYHHKC HAIIPAMKCHHIA OJHOIIOIIAPHBIC

IIPSIMOYTOJIBHBIE HMITYJIECHI YacTOTOH 200 'l 1 MaKCHMAJIBHOH aMIUTHTV/IBI.

_ . RADG 1kOm RH L i
o—(A1) I_+_F [ Y Y ey
40 mI
JL 0,22

MKD
T ‘
O ®
PucyHok 7.3 — [IpHHIMITHaIbHAS 3JIEKTPHYECKAS CXeMa
5. BxmounTe BHPTYaJIbHble IIPHOOPEL H HACTPOHTE BHPTYaIbHBIH OCIIHIIIOrpad I
[OKYMEHT NOANUCAH SHas s pa3BeépTtka 200 - S00MxC/aern.).
ANEKTPOHHOWM NMOANUCHIO

Ceptucmkar: 12000002A633E3D113AD425FBS0002000002A6 TepHO[ 3aTYXaIOIMIX KOIIeOAHHMI M BRBEIUHCIIHTE
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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I= MC, /= IBis

7. YOeaHuTeCh, YTO IMOJIYYEHHOE 3HAUEHHE YACTOTHI OJIM3KO K PE30HAHCHOH YaCTOTE.

8. [IimapHO yBelnmHUHBas H00aBOYHOE COIPOTHBIEHHE R g5, VOEAHTECH, UTO YACTOTA
KoneOaHHMH CIIerKa YMEHBINAETCS, a 3aTyYXaHHEe YBEIHMYHBAETCSA H IIPH OOIBIIIOM COIIPOTHBIIEHHH
IIPOIIECC CTAHOBHTCS aIlePHOAHYECKHM.

9. YCTaHOBHTE PETYIATOP ITOTEHIMOMETPA B IIOJIOKEHHE, ITPH KOTOPOM ITPOIECC
MEHSIET XapaKTep, OTKIIIOUHTE ITHTAaHHE H H3MEPhTE OMMETPOM J00aBOUYHOE COIIPOTHRIICHHE:

R .= OM.
Brruncimire cyMMapHOe aKTHBHOE COIPOTHBRIIEHHE KOJIe0aTebHOI0 KOHTYa:
RHD sHR= OmM

YOemTecs, UTO 3Ta cyMMa OIMH3Ka K Ry .

Codeporcanue omuema:

OT4YeT JOIKEH COMEPKaTh:

1. Hassanue paGoTHI,

[{ems paboTHI,

KpaTkue TeopeTHYECKHE CBEACHIST,

OrmcaHie HCIIONIB3YEMOr0 000PYAOBAaHHS H MaTEPHAJIOB,
I IopsimOK BREITTOITHEHHS PAa0OTHI,

BrruncieHns H o0paboTka pe3yiIbTaToB,

N S N R W

BBIBOJIBI.

K OHMPO.JIbHbIE 60NPOCHI.

1. Kak momyyaror audQepeHIIHAIFHOE YpaBHEHHE, OITHCHIBAIOIIEE IIEPEXOHBIH

IIPOIIECC ANEKTPHYECKOH LIETTH?

2. Yem orpenensieTcs MOpsIoK JHPepeHITHATIBHOTO YPaBHEHH S?

3 B xakoM ciydae audepeHIMaIbHOe YpaBHeHHE OyAeT OTHOPOJHBIM, H B KAKOM
— HEOTHOPOIHEIM?

4. Kak  moayuurs  XapaKTepHCTHUYECKOE YpaBHEHHE, €CIH  H3BECTHO
muQdepeHIanTbHOE?

5. KaK KOpHH XapaKTepHCTHYECKOI'0 YPaBHEHHS BIIHSIOT HA XapakKTep IePeXOHOr 0
Iporecca?

NOKYMEHT NOANWCAH

ANEKTPOHHOWM NOAMUCHIO M 3dTyVXdaHHA PC30HAHCHOI'O KOHTYpPd, OT HCIO

Ceptuchmkatr.  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Lebayxoea TateAHa AnekcaHgpoBHa
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7. OT 4Yero 3aBHCHT 4YacToTa KoJeOaTelIpHOro IIpoIecca, BO3ZHHKAIOIIEIO B
AIEKTPHYECKOH IIEITH, COCTOSILEN M3 IMOCIEAOBATEIPHO BKIFOUEHHBIX KAaTYIIKH HHIYKTHBHOCTH
1 KOHIeHcaTopa?

8. UTo TIOHHMMAIOT TII0H KPHTHYECKHMM COIIPOTHBIIEHHEM IIOCIEI0OBATEIIEHOIO
PE30HAHCHOI'O KOHTYPa, KaK OIIPEAEIINTE IO BEJIHYHHY ?

9. Kak BBMUHCIHTL 3HAUEHHS IIOCTOSHHBIX HHTETPHPOBAHHSA TIPH PEIIEHIH
(] depeHIIMaTIEHOIO YPaBHEHHS, OIHCHIBAIOMIETO IIEPEXOMHBIM IIPOIECC B BIEKTPHYECKOM
I[ETTH ?

10. Kak B gaHHOH ja0oparopHon pabore BeI OIpefenid 4acToTy KojeOaHHH
IIePEXOHOrO Ipoliecca?

11. Kak HailTH 3aKOH H3MEHEHHS TOKa 3apsla KOHAEHcAaTOpa, €CIIH H3BECTEH 3aKOH
H3MEHEHHS HaIIpsDKEHIS Ha ero oOKIIagKax?

12. Kak HaWTH 3aKOH H3MEHEHHS HANpPsUKEHHS Ha HHIAYKTHBHOCTH, €CIIH H3BECTEH

3dKOH H3MCHCHI L, ITPOTCKAIOIIICT O HEPES3 Heé Toka?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamoprasa paboma Ne9. Henvimariue 00HOa3zHo20 mpanchopmamopa

HEJII’: pdﬁﬂﬂlb!.’ O3HAKOMHTLCA C I{DHCTP}fKL[IIEﬁ: METOJdMIT HCIIBITAHHA H OITPCACIICHIA

XapaKTe pHCTHK TPaHC(POPMAaTOPOB.

OcHoébl meopuu:

TpaHcopMaTop — 3TO cTaTHYECKHH SIeKTPOMATHHTHBIN aIdiapar, IpeJHa3HaueHHBIH
VIS IpeoOpa3oBaHH IIEPEMEHHOIO TOKA OJHOIO HAIIPSKEHHS B JJIEKTPHUYECKYIO SHEPIHIO
IIEPEMEHHOI'0 TOKA APYIOr0 HAIIPSKEHH S IIPH HEM3MEHHOH YacTOTE.

TpaHcpopMaTOphl ITHPOKO IIPHMEHSIOTCS B TeXHHKE, ITPOMBIIIUIEHHOCTH H OBITY,
ITIOATOMY YCTAaHOBIEHHAS MONTHOCTh BceX TpaHC(POpMaTOpOB B HECKOIBKO pa3 IIPeBBINIAET
MOIIIHOCTh HMCTOYHHMKOB 3JIEKTPO3HEPIHH, T.€. 3JIEKTPO3HEPIHs Ha IIYTH OT HCTOYHHKA [0
NMOTpeOHTENSI HECKOIBKO pa3 TpaHchopmupyeTcs (mmpeoOpasyercs). Ilo HazHadYeHHIO
TpaHC(OPMATOPHI ITOAPA3AeIIIIOTCSI Ha CHIIOBEIE, CBapOYHbBIE, H3MEPHTEIIbHEIE, TTI0 KOHCTPYKIIHH
— Ha CTepKHEBEIE, OpOHEBEIE; T10 YHCITY (pa3 — Ha TpexQasHble H OJHO(pa3HBIE.

[Tpocrelinmmii omHO(A3HBIH TpaHCPOPMATOP COCTOHT H3 JBYX OCHOBHBIX YacTeH:
MarHHTOIMpOBOAA (cepAe4yHHkKa) H  00MoTOoK. CepaeyHHK HaOHpaeTcsd H3  JIHCTOB
SIEKTPOTEXHHYECKOH  cTanu TommupHOH 0.5 MM, ¢ 00eHX CTOPOH  ITOKPBITHIX
BIEKTPOTEXHHYECKHM JIAKOM VIS YMEHBIIEHHS IIOTEPh B CTAJIH Ha BHXpPe-BBIE TOKH. Kpome
TOrO, BJIEKTPOTEXHHYECKAs CTajlb HMEET IIOBBIIIEHHOE VYAEIBHOE COIIPOTHBIIEHHE H Malble
IIOTEPH Ha THCTepesHc. CepaeuyHHK CIIVKHT IS YCIWIEHHS 3JIEKTPOMAarHHTHOH CBS3H MEXIV
OOMOTKaMIH.

Ha ceppeuHnke pacrionararorcss oOMOTKH. OOMOTKaA, ITOAKIOYaeMasl K IMTArOIEH CETH,
Ha3BIBAETCS TIEPBHYHOH, a OOMOTKA, K KOTOPOH ITOAKIIFOYAIOTCS ITOTPEOHTEIIH IIEPEMEHHOIO

TOKa, Ha3bIBAeTCSI BTOPHYHOH OOMOTKOMH (pHC. 6.1).

NOKYMEHT I'IDﬂI'IHCﬁH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Ecm x mnepBHYHONH OOMOTKE, HMMEIOMIEH 4YHCIO BHTKOB W; IIOJBECTH II€PEMEHHOE
HaIpspkeHHe W,=U ,SInmt, TO 110 Hell HaYHeT MPOTeKaTh TOK 1, KOTOPEIH OYAET OTCTaBaTh OT U

Ha 90° M co34acT B CEpPAEYHHKE IIE€PEMEHHBIH MArHHTHBIH ITOTOK, TaKXKe H3MEHSIOIIHHCS I10

¢, =P,,, coswt

CHHYCOHIJAJIBHOMY 3dKOHY . MarHmMTHBIN ITOTOK, 3dMBIKAACh 11O CCPIACHHHKY,

6}",I[ET HABOJHTE B HEPEIHHGﬁ H ETDPH‘H—IDﬁ 0OMOTKaxX 2. 4.C., IIPOIIOPIHMOHAJIBHBIC YHCIAM

BHTKOB:
dfl‘!ﬂ . .
elz—w1T:—w1-m-¢ﬂM5mm t:—EIM-smm t
d(i)ﬂ . .
ez——sz——wg-m-tﬁﬂMsmm f——EEM-smm t

JIeHCTBYIOIIHE 3HAYEHHE 3THX 3.1.C. OYAYT PaBHHI:
E =4,4-w, f @, ,,
E,=4,44-w,-f-®, .

OTHOIIEHHE 5THX 3.J.C. Ha3bIBaeTCsI KOA(P(HIHEHTOM TpaHC()OPMaLHH:

Ecmm U.> U, To TpaHchopMaTop MOBBIINAONTI, a ec U, <U; — To noHMKaronpmi. B
MacIopTe TpaHC(OpMaTOpa VKas3bIBAaeTCSA OOBYHO He KOA((HIMEHT TpaHCPOpMaIluH, a
OTHOIINEHHE BEICIIIETO HAITPSKEHIS K HH3IIIEMY.

[Ipn mmocTpoeHHH BEKTOPHBIX JHArpaMM HaIlpsDKeHHH H TOKOB TpaHC(opMaropa MOIYT
BOZHHKHYTh 3aTpPyAHEHHS C BBEIOOPOM MacIuTada HaIpsoKeHHH IIEPBHYHOH M BTOPHYHOH
oomorok, T.K. U,=kU,, a guarpaMmbl JOJDKHEI OBITE B OZHOM Maciurabe. IIo3ToMy BMECTO
pealnbHOro TpaHc(popmaropa OOBYHO PpacCMaTpHBAKOT TaK Ha3bIBAEMBIM ITPHBEIEHHBIH
TpaHC(OpPMATOpP, Y KOTOPOro oJHa oOMOTKa (0OBIYHO BTOPHYHAS) IMPHBEAEHA K APYTOH, T.€. €€
ImapaMeTphl IEPeCYHTAHbl TaKUM 0O0pa3oM, YTOOBI 3TO HE OTPasWIOCh Ha SHEPreTHYECKUX

Ipolieccax B TpaHcopMaTope. IIpHBeJeHHOe HalpsDKeHHEe H JIPyTHe ITapaMeTphl BTOPHYHOM

U, I, r X, Z,

0OMOTKH OOO3Hayatorcs ¢ , 2 ., 2 _ 2 2
U .=kU,=U, W =KW,=W, I,
Ecm 2 H 2 ,TOTOK ¢  OIpeJelIHTCcsI H3 YCIOBHI
[IOKYMEHT MNMOAONWCAH W,
SNEKTPOHHOW NOAMMUCHIO 2 2 OTKYZa
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T _Lw, Lw, I,
2 W, w, K
2

2
r.=K°r,
AHEIJIDI‘H‘IHG, IIPHBCACHHOC COIIPOTHBIICHHC 2 OIPEACIIACTCA H3 PABCHCTEBEA

ITOTEPh MOIITHOCTH BO ETDPH‘IHGﬁ 0OMOTKE J10 ITPHECACHHA H ITOCJIC ITPHBCACHITA.

2 _ (1 \2
I, r,=| IE.__] r

OTKVa
r \2 2
_| Ly [ Ky
g~ ro= r,y=K'r,
2 I, )
\ 2
AHaJIOTHYHO,
g 2
2 H 2
I"1+I" .=FK
CymMmMa 2 Ha3bIBACTCS aKTHBHBEIM COIPOTHBJIEHHEM KOPOTKOI'O 3aMBIKAHIL,
X1+X .ZXH, ZI+Z ,:ZH
a 2 - HHAYKTHBHBIM COITPOTHBJIEHHEM KOPOTKOI'O 3aMBIKAHHS H 2 -

TTOITHBEIM COITPOTHBJIEHHEM KOPOTKOI'O 3aMbIKAHHSL.
Pexxrim  paGoTel, IIpH KOTOPOM BTOpHYHas OOMOTKa Pa3OMKHYTa, T.e. HarpysKa
TpaHc(OpMaTOpa OTCYTCTBYET, Ha3bIBAETCS PeXKHMOM XOIOCTOro Xoia. IIpH 3TOM MarHHTHEIH

IIOTOK CO3JAETCsI HaMarHIYHBAIOIIEH CHJIOH IIEPBHYHON OOMOTKH:

Fo=lyw,

3

rae Iy — Tok XomocToro xoja.

BemrunHa HaMarHHYHBAIOMIEH CHIIBI Fy SBIISETCS IMTOCTOSHHOM H 3aBHCHT OT Pa3MEPOB H
MaTepHajla CEpIeUYHHKA.

PesxitM paOoTEI, ITpH KOTOPOM BO BTOPHYHYIO 0OMOTKY BKIIFOUeHA Harpy3Ka, Ha3bIBAETCS
paCoYnM PeKHMOM WIH PeKHMOM Harpys3kH. IIpm paGore B peXuMe HarpyskH Kaxmas H3
OOMOTOK  TpaHcopMaTOpa  CO3Jae€T CBOK  HAMarHHYMBAIOINYKO  CHIIy,  IIPHYEM
HaMarHHYHMBAIOIass  CHWIa  BTOPHYHOH  OOMOTKH  OVJIET  HalpaBlIeHa  HaBCTPEUy

HaMarHHYHBAIOIIEH CHIIE IIEPBHYHOH OOMOTKH:

Fo=F+F,
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Taxmm  o0Opa3oM, MarHMTHBIH IIOTOK, CO3JaBacMbIi  BTOPHYHOH  OOMOTKOM,
pPasMarHHYMBAceT MarHUTHEBIH ITOTOK, CO3JaHHBIH IIEPBHYHOH OOMOTKOH.
Taxk Kak MarHHTHBIH TIOTOK TpaHc(opMaTopa II0 BelIHYHHE TIIOCTOSIHEH, TO

HAMATHHYHBAKOITAAd CHIIA HEPEH‘IHGﬁ OOMOTKH YBCIOHMUHBACTCA TOJIbKO Ha TAKVHO BCJIIHHUHHY,

| i
la 9]

[ywy

W -
YTOORI I'COMETPHYUCCKAA CYMMaA H 272 ocTaBanachk ITPAKTHYCCKH ITOCT OAHHOH.

CHE,I[DEHTEHLHD: ITPH YBCIIHYCHHIT TOKA BO ETDPH‘H—IDﬁ 0OMOTKE TOK HEPEH‘IHGﬁ OOMOTKH

W -
YBCIIHYHBACTCA TAK, yTOOBI HaMarHHYHBAIOIIA I CHIIA 070 ITOAACPAIBAIIACE TIOCT OAHHOH.

[Ipn vyBemm4YeHHMH Harpy3kH TpaHc(OpMaTOpa HaIlpsSDKEHHE BTOPHYHOH OOMOTKH
crrpkaercs Ha Bemumay AU | koTopoe y MamBsIX TpaHC(hOPMAaTOPOB MOKET OBITH OIPERETIEHO

ITyTeM HCITBITAHHIT 0] HATPY3KOi TpaHC(hOPMATOPa H HElOCPeACTBEHHBIM m3Mepertiem AU

TpaHchopmaTop OOIBIIOIH MOIMHOCTH HAarPY3HTh H HCIIBITATh ITOJ HArpy3KOH OYeHb CIIOKHO H

HEAKOHOMHYHO, ITO3TOMY IS HIX AU OIIPEEIISIOT PACUETHBIM ITYTEM.

Harpyska TpaHchopmaropa MOKeT OBITh YHCTO aKTHBHOI (OCBeHIeHHE), IIPH KOTOPOM
cos @2 = 1,0, H cMeIIaHHOH — aKTHBHO-HHAYKTHBHOH (R-L) miH akTHBHO-eMKOCTHOH (R-C), 1IpH
KOTOPBIX COS 2 < 1,0.

3aBHCHMOCTh HaNpPSOKEHHS BTOPHYHOH OOMOTKH OT TOKa HarpyskH, T.e. U~f (I, ),
ITIPH ITOCTOSHHOM IT0 BEJIMYMHE HAIIPSKEHHH IepBHYHOH OOMOTKH U; M ITOCTOSHHOM 3HAYeHHH
KO3 (prIHeHTa MOIMHOCTH COS (02, Ha3bIBaeTCS BHEINHEH XapaKTepHCTHKOH TpaHc(popMaTopa
(puc. 6.2).

HarmpsokeHne Ha BTOpHYHOH OOMOTKE ITPH XOJIOCTOM XOAe€, T.€. IIpH I, = 0, Ha3pIBaeTCs

HOMHHAJIbHBIM HAITPAKCHHEM. HPH HAI'PY3KE HAIIPAXKCHIIC 6}",[[ET H3MCHATBCA Hd BCJIIHYHHY

AU
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PrcyHok 6.2 — BHeIIHAI XapaKTepHCTHKA TpaHc(opMaTopa

Jlns ompeAeneHHs BeIHYHHEBI AU pacyeTHBIM ITYTeM HeOOXOJHMO BBIIIOIHHTEL JBa
OIBITA: OITBIT XOIOCTOI'O XOAA H OIBIT KOPOTKOI'O 3aMBIKAHHAL.

OMNBIT XOIOCTOIO XOJa BBINIOIMHSIETCA IS OIPelelleHHS HaIIpPsDKeHHS BTOPHYHOIN
oOMOTKH Usy , TOKA XOIOCTOro Xoha Iy M ImoTeps MOIIHOCTH XOIOCTOro xoma Pp. Tak kak ripu
X0J1I0cTOM XoZe TOK I = 0, a Tok I; = Iy B cocTaBIsgeT HECKOIBKO IIPOIEHTOB OT TOKa Iy, TO
IIOTEPH B OOMOTKE ITPH XOIOCTOM XOJ€ Majbl H MOKHO CUHTATh, YTO ITOTEPH XOIOCTOrO X0O/Ia —
3TO IMOTEPH B CTAIIM CEPIACYHHKA.

OIBIT KOPOTKOI'O 3aMBIKAHHSL, ITPH KOTOPOM BTOPHYHAS OOMOTKAa 3aMKHYTa HAKOPOTKO
(zu = 0), BBIIOMHSAETCS IIPH IIOHHKEHHOM HanpsokeHHH Ujxy . IIpH 3TOM HammpspDKeHHe
TIOBBIIIAETCS OT HYIISA A0 3HaUeHHS Uixy , IIPH KOTOPOM TOK 3aMKHYTOH HAaKOPOTKO BTOPHYHOH
OOMOTKH paBeH HOMHHAIILHOMY I>y. TaK Kak 3TO HaIlpsCKeHHE COCTABIISET HECKOIBKO ITPOIIEHT OB
OT HOMHHAIILHOI'O, TO H MarHHTHBIH ITOTOK, ITPOIIOPIIHOHAIBHEIN HAIIPsDKEHHIO B CEPASUYHHKE,
OUeHb MaJl M IIOTEPSMH B CTalM MOXHO ITpeHeOpeub H CYMTaTh, YTO IIOTEPH IIPH OIBITE
KOPOTKOI' O 3aMBbIKaHHS — 3TO ITOTEPH B MeJIH 0OMOTOK TpaHC(OopMaTopa.

3Has1 Uy U ITOTEPH P gy MOKHO OIIPEAETNTD Zx, Fic, Xk

. _U 1 KH
(E———
I 1H
_ p KH
rK__Iz
1H
—[,2 .2
Xk _\/EK 'k ?
. Tg=rtrye 0 X=Xt Xy,
NOKYMEHT MOAMNUCAH - aKTHBHOE H PeaKTHBHOE COIPOTHRIEHHS
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.ﬂUzﬁ*[lUm*coscﬁfUKp*sin b,

U =I ..r
I'JIC Kd I1H " K - dKTHEHAA COCTaBJIAROIIA A HﬂHpH}I{EHIIH Kﬂp(}TI{GTG SEIMBIKHHI[H;
Kp - pEElI{THBHaH COCTABJIAIOIIIAA Hal'[pH}I{EHI[H I{GpGTI{GI‘CI BMIKEIHHH;
B _ 2
I 2H i i
- KOo3(p(PHIMEHT Harpy3kH TpaHC(pOpMATOpa, 3HAYEHHIMH cos@: H Siil @

3aJaCNMCH.

3uas Ugy u AU IIPH Pa3IHYHBIX 3HAYEHHSIX [ H XapaKTepe Harpy3KH, MOKHO
ONpeJeluTh 3HaueHHe U, TIpH Harpy3ke H IIOCTPOHTh BHENIHHE XapaKTEePHCTHKH
TpaHC(OpMaTOpa PacYeTHBIM ITYTEM.

BakHoH XapaKTepHCTHKOH TpaHcdopmaTopa saBisercs ero KIIJT;

1= P2=P1_ZP=1_ZP _ P,
p P P, P,+XP

1 1 1

KIIJ] MOXHO OIPEAEHMTEh ITYTEM HEINOCPEACTBEHHOIO H3MEPEHHS MOIIHOCTEH FP: H P,
IUTH PACUYETHBIM ITYTeM, 3HAS OJHY H3 €r0 MOIIHOCTEH H CYMMY ITOTEPh B HeM. IIepBBIH METOL
MIPHMEH SFOT ITPH HCIIBITAHHH MaJIOMOIIHBIX TPAaHC(OPMATOPOB, T.K. B 3TOM clIyyae HeT ITpolieM
C Harpy3KoH TpaHc(]opmaropa peocTraTamMH. B mMormHbIX TpaHchopmaropax KIIJ ompemensroT

IYIEM HSMCPEHHMA HIIH pPacHicTa IIOTCPb B HEM H TIOTIE3HOH H&I‘IJ}*'BG‘-IHGﬁ MOITHOCTH

P,=U,1,cos¢, . Bermrmamna KT1J] 3aBHCHT OT Harpy3kH (pHC. 3).

P,
—=(),7
. P
KII]] mMeeT MaKCHMYM ITPH OTHOCHTEIHLHOH Harpy3Ke 2H , KOIJIa ITOCTOSTHHEIE
noTepH (Py) paBHBI IepeMeHHBIM IToTepsM (Py).
$ i
1,0
'—_______
0.5
7 _
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PrcyHok 6.3 — 3aBucumocTth KIIJ[ TpaHc(popMaTOpa OT Harpys3KH

IIpn yeemyeHnn HarpyskH Beile 0,7 P, KIIJ| yMeHBIaeTcs, Tak KakK II€peMeHHBIE

2
IIOTEPH PacTyT NMPOMNOPIHOHAEHO | |, a MOIMHOCTh — ITPOIIOPLIMOHAIBHO IIEPBOH CTEIICHH

Toka. [Ipn ymeHbinmeHnH Harpy3kH KIIJ] ymeHbImaeTcs H3-3a YBEIHYEHHS JOIH ITOCTOSHHBIX

IIOTEPE B OOIIEN MOII[HOCTH.

Ykazarnue no mextiike dezonacHocmit:
YKazaHHsS TII0 TeXHHKe Oe30IIacCHOCTH IIPH  BBIITOJIHCEHHH HﬂﬁﬂpﬂTﬂpI{BIK pElﬁGT

ITPHECACHEBIL B ITPHIIOKCHHC A.
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VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:
1. BEIITOIMTHHUTE OIBIT XOIOCcTOro xozxa. msa storo codOparhk cxeMmy (puc. 6.4). Ilpu
OIPEEIEHHH IIOTEPh XOJIocTOro Xoda Py ximrou K B 1erm BTOpHYHOH OOMOTKH JOJIKeH OBIThH

3dMKHYT Hd BOJIBTMCTP. PEB}"J]I:-TEITLI HBMEPEHI]IUI ITPH HECKOJIbKHX 3SHAUCHIAX U, 3aHecTH B

2 T
4 T ,[ - |

JIATP
ol
.
S L.'_ |
Oo—

PrcyHok 6.4 — CxXema HCITBITaHHS TpaHC()OpMaTOpa B peKHMe

Tadnmy 6.1.

¥ X

XOJIOCTOI'O XO1a

Tabmmia 6.1 — Pe3ybTarsl BEIYHCIIEHHH H H3MEPEHHH

I/IBMEDEHHBIE BelIHUHHBI BrIwicieHHbBIe B UHHBI
No U,
UM:' L"r_‘} Pc;n Ug coS Qo K ———
QITEITA Uy .
B A Bm B - -
1
2
3

2. BBINOTHHTE OITBIT KOPOTKOIO 3aMbIKaHHA. J[7Ig sToro coOparh cxemy (pHC. 5), IIpH
3TOM B CXEMe BOJILTMETP V> 3aMeHHTh amIiepMeTpoM A, Ilepel BKIIOUEHHEM CXEMBI
IIOBOPOTHYIO PYKOATKY JIATPa HYXHO YCTaHOBHTHL Ha HOIL. 3aTeéM 3aMKHYTh Krou K,
BKJIFOUHTh CXEMY M IUIABHO YVBEIHYMBATh HampsokeHne JIATPoM 10 Tex Imop, IToKa aMIlepMETPEI
A, 1 A, He CTaHyT ITOKa3bIBaTh HOMHHAJIPHBIE 3HAYEHHI TOKOB [y M Ly, IIPH STOM HaIIpSDKEHHE

TIEPBHYHON OOMOTKH OvaeT paBHO U,y 3amucars ITOKa3aHHI ITpHOOPOB B Tadmmiry 0.2.

*

P [

C-'i—“'"
AOKYMEHT NoanmncAH
INEKTPOHHOW NOANKUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

¥ X

chopMaTOpa B peKHMe KOPOTKOI'O 3aMBIKAHHS

Nencreutened: ¢ 20.08.2021 no 20.08.2022
66



[lo pesympraraM OIBITOB XOJOCTOIO XOa H KOPOTKOIO 3aMBIKAHHS OITPEJEIHTh
ko3 rmpeHT TpaHcpopMamu x, Usx, cos @q cos g, TIOIMHOE, aKTHBHOE H HHIYKTHBHOE

COITPOTHBIICHIA KOPOTKOI'O 3dMbIKAHHA Zx , Fr H Xk .

Tabmmia 6.2 — Pe3ybTarsl BEIYHCIIEHHH H H3MEPEHHH

Ne I/ISMEPEI{HI:-IE BEIIMYHHEI BrIunclieHHBIE BeJIHUHHEI
OIbITA
/,
Ui Lix P Ly b COS Qg ~K Fg XK N
1
B A Bm A - - Om Om Om -
1
2
3
P 2
0 K
COS P, = oS ¢, =
Uil , Uik 1k ,
L - U, - P,
K~ K 2
I 1K Il K

_ [ 2
XK — \/z K Tk
OrnpeaermTh Ko3(hHIHEHT ITOIE3HOro AefcTBHA TpaHchopMaTopa #:

P,y
P,y +Py+Py

3HaueHH P >z OepeTcs H3 MacIIOPTHRIX JaHHBIX TPaHC(pOopMaTopa.
3agaBaschk 3HaYeHISIMH £ = 0,25; 0.5; 0,75; 1,0 onpegemuts AU IpH 3HAUYEHHSIX COS (2 =
1,0; 0.8 (R— L) u 0,8 (R — (), pe3ynbTaThl pacyeTOB CBECTH B TaOIHIy 6.3. 3aTeM ITOCTPOHTH

BHCIIHHEC XaPadKTCPHCTHKIL JJIA ITPHHATBIX 3HAYEHHH cos @2, ITPH 3TOM HMCA B BHIOY, UYTO CcOS @2

npH (R — C) Harpys3ke OTpHIlaTeIeH.

Tabmmia 3 — PesyIbTaThl BEIYHCIIEHHI H H3MEPEHHI

Jis U =1, 1, U, =1, x, | U, cosp, | U, -sine, U .CGS_% ' AT
xa v “ : ¥ - | +U,, sing,

- B B B B B B

0 NOKYMEHT NOANWUCAH
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1,0

2. BEIITOMHHUTE OITBIT IIOJ HArpys3KoH II0 cxeme puc. 6.6. Ilpu sroM cxemy
COeJHHEHHIT TIepBHYHOH OOMOTKH (pHC. 6.5) He H3MEHSIOT, a K BTOPHYHOH OOMOTKeE

IMOAKITHOYATIOT H&I‘I)}*'BG‘II{BIﬁ PEOCTAT H BBIITOIIHAIOT H3MCPCHIHA ITPH TPEX — UCTHRIPCX 3HAUCHITAX

Harpy3KH.

PrcyHOK 6.6 — CxXeMa HCITBITaHHI TpaHc(popMaTopa IO Har py3Koi

B crnexyromeM OIBITE ITOCIENOBATEILHO C HAarpy304YHBIM PEOCTaTOM ITOAKITIOYAIOT
KaTyIIKy HHIYKTHBHOCTH H BBINIONHSIOT 3amMep [, H U, 3aTeM OIBIT ITOBTOPSIOT ITPH
MOAKITIOUEHHH TIOCIeJOBAaTEIIbHO C Harpy304HBIM peocTaToM KRy emxoctH C. PesyibTarhl

3MepeHHl 3aHocaTr B Ta0ommry 4. Ilo pe3yimbraTaM 53THX OILITOB CTPOST BHEIIHHE

XdPAKTCPHCTHEI.

Tabmma 6.4 — JlaHHBIe I ITOCTPOEHH I BHEIHHX XaPaKTEPHCTHK

No
3MepeHHBIE BETIMYHHEI
OIILITa
AKTHBHA S HarpysKa R-L Harpyska R-C Harpyska
I U, I U, I U,
A B A B A B
1
) _ _ _ _
3 _ _ _ _

Codeporcanue omuema:

OTYeT JOIKeEH COHNCPAATh.

1. Haspanue paOoTHI,

2. [lemp paboThI,

3. Kparkme TeopeTHUYECKHE CBEAEHU,

4. OrmcaHHe HCIIONB3YEMOI0 000DVIOBAHHSI H MaTEPHAJIOB,

AOKYMEHT NoanmncAH
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7. BBIBOIELI.

KonmponsHsie 6onpocel:

l. C KakKOH IIeIhI0 BBRITIOIHSIOT OITBIT XOJIOCTOr o Xoa?

Kak onpenensercsa HanpsxeHHe U,y?

Yem 00OYCIOBIIEHEI ITOTEPH MOIITHOCTH B PeKHMe XOIOCTOr0 Xo/1a?

C KakKoOH IIEJIFI0 H KaK BEIIOTHSIEOT OIBIT KOPOTKOIO 3aMBbIKaHH S

Kak ornpeaenstor H3MeHEHHE HOMHHAIIBHOT'O HANPsKeHH S AU y»?

OT 4ero 3aBHCAT ITOTEPH MOIIHOCTH B PeKHME KOPOTKOI'O 3aMbIKAHH?
[Ipu xaknux ycnoBuax KIIJI mMmeeT MakCHMAaJIBHOE 3HAYEHHE?

Kaxas Harpy3ka JJ19 TpaHc()opMaTopa SBJISeTcA Ooree IpeaIIouTHTeIIbHO?

L X 23S e W

[loueMy cepaeyHHK TpaHc(opMaTopa HaOHparOT H3 IIHCTOB 3IEKTPOTEXHHYECKOH
CTaIH?

10. Byner mi paGoTath TpaHC(OPMATOp C JePEeBSIHHBIM CePISUHHKOM?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
69



Jabopamopran paboma Nel(). Henvimanue 0éuzameieil ROCHMOAHHOZ0 MOKA.

HEJII’: paﬁﬂmm: (O3HAKOMHTBCS C KDHCTP}"KI_[IIE]?I: METOMdaMI HCIIBITAHHA H OIIPSICIICHITA

XdPAaKTICPHCTHK IBHTaTeleH IIOCTOsIHHOTO TOKA.

OcHO6bl MeopuL:

Bce mporieccel, MpOHCXOIIIe B MalllMHax IocTosHHoro Ttoka (MIIT), Moryr OBITB
OOBSICHEHBI C HCIIONIB30BAHHEM YETBIPEX IIPABHII, XapaKTepPH3VIOIMMX 3JIEKTPOMArHHUTHEIE
sIBIeHHS (TIPHIOKeHHe A):

1) mpaBIWiIO IONMy4YeHHS 3IIeKTpHYecKoro Toka — "HyXHO B 3aMKHYTBIH KOHTYP K
IIOMECTHTh HCTOYHHK 3.71.C. £. B TakOM KOHTYpe IMOTeyeT TOK [,

2) TMpaBHIIO TOIYYeHHTI MarHHTHOro Iond — "HyXHO B TIIPOBOJAHHKE CO3JaTh
BIEKTPHYECKHH TOK /. BOKpPYT TaKoro IpoBOAHHKA OYIeT 00pa30BaHO MAarHHTHOE I10JIe D",

3) ImpaBHIIO MOTYYEHHSI MeXaHHYeCKOH CHIIBI — "HyKHO IMPOBOJHHK C TOKOM J IIOMECTHTD
B MarHHTHOE Iojie @. Ha TakoH IMpoBOAHHK OyAEeT AeHCTBOBAaTh MEXaHHUYECKas cHila £,

4) MpaBHIO MOTYYeHHSI HHIYKIIHOHHOH 3.71.c. £ — "IIpH BcIkoM H3MeHeHHH MarHHTHOI'O
rnmonga <@, IPOHHU3BIBAIOINEM KOHTYP K, B KOHTYpPE HaBOOUTCA 3.J.Cc. E, HalpaBIICHHUE
HHAYKIITHOHHON 3.1.C. OIPEAeHsIeTCs IpaBIiIoM JIeHIfa, ITpHYeM Iepel IPHMEHEHIEM ITpaBIIIa
KOHTYP C 3.1.C. HaJIO 3aMKHYTBL".

YeTBeproe IpaBHIIO IpHMeHHTEIbHO K MIIT MOXHO 3aMeHHTH, Ha OoJiee IIPOCTOE

MMpaBHIJIO IpaBOH PpykKH (puc.3.1), mpHYeM IIpoleAypa OIIpeJelleHHs HalpaBIeHHS
HHAVKIIHOHHOM 3.]1.C. £ CYII[eCTBEHHO IIPOIIE ITpaBiia JIeHi(a.

[

- | = e
- M e | =
g Il = g
T e Y P T -
«h AL R L, e
T - A JJ? =] —-
_'_ -'--’-.q"ll-_-.’__,-.ﬂ"lf 1 '..l _F_
> l=F -

L . - 3 - n — ' e { .
Ficvior 5.1 - K BRIV DPaBRIa OpaBol pyED 1% 8 BICH 5
UTERTPOMATHITTHON AHTY KU (G0 1 OPABRI0 OPagom py i (o)

ITycts koOHTYp (pHc.3.1,a), Bpamaronpicad C YacTOTOl @ B MATHHTHOM IIOJE,
XapaKTe pH3yeMbIM HHAYKIHEH B IoIs, 3a BpeMA df TIOBEPHETCS Ha YIol da, IIpHIEM da=c dt.
[Ipu mmonepeynoM D B NpoAoIbHOM / pa3sMepaxX KOHTYpa H3MeHEHHE IUIOINAAH dS, KOTOPYIO

ITDOHHM3BIBAOT JTHHH MAarHHTHOIO ITOMISI HHIVKIITHEH B:, 3d BPpCMA dt 6}",[[ET PdBHO

NOKYMEHT NoanncAH
SNEKTPOHHOWM NOANUCHLIO da=I-D-w-dt
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d®=B-dS=B-l-D-w-dt

B KOHTYpe B COOTBETCTBHH C SBIIEHHEM 3MIEKTPOMArHUTHOH MHIYKI[MH HABEIETCS 3.1.C.
E-, paBHag

Equp=B'I'D'm'dr=B-I-D-m=2-B-I-E-m=2-B-I'V,
dt dt 2

- _—

E

Ie v - IHHEHHAsI CKOPOCTE IIEPEMEINEHH S IIPOBOAHNKA OTHOCHTEIBFHO ITOJIS.

[Ipn BpaleHHH KOHTYpPa OTHOCHTEIBHO IIONSA IIEPEMEINAIOTCS JIBa ITIPOJOIIBHBIX
ITPOBOJHHKA /, H, TIOSTOMY B KaXXJIOM H HHX OyleT HaBeJeHa 53.J.C. E, COCTaBILSIOINAS POBHO
MONOBHHY 53.a.c. FE, (3.3). VYumreiBag 5T0, B KaXJIOM H3 IIPOBOJHHKOB KOHTYpa,
IIEPEMEIIAFOINEMCS B MarHHTHOM IT0JIE, OYe HAaBEAcHAa 3./1.C., PaBHAs

E=B-l-v

Dopmynoi (3.4) ycTaHOBIIEHO IPABHIIO ITONYYeHHS HHIYKIIHOHHOH 3.1.c. £ B MIIT: "B
IIPOBOJHHKE, TIEPEMEMIAIOIIEMCS CO CKOPOCTBIO v B MArHHTHOM IIOJIE € HMHIAVKIMeH B,
HaBOIUTCS 3.4.C. E".

HarmpaBiienne 3.4.c. E, OIpeAelIeHHOE C IOMOINBIO ITpaBHia JleHi(a OyIeT TakKHM, Kak
II0Ka3aHOo Ha puc.3.1.a.

[TocTpoeHnsa, npuBeaeHHbIe Ha pHc.3.1.a H BUA (opMymnl (3.4), IPHBOASAT K ITPpaBHITY
nmpaBoi pykH (puc.3.1,0): "IIpaByio pyKy HYXHO PacIONOKHTh TaK, UTOOBI B IaJOHL BXOIIIIH
JIMHUM MAarHUTHOrO IToins @, a OOIBIION OTOrHYTHIM ITallell YKasbklBall Ha HallpaBJIEHHE
IIEPEMEIIEHUS TIPOBOJHHKA B II0JIe, TO HA HAIIPaBJIEHHE 3.JI.C. YVKaXYT OCTAaJIbHBIE YETHIPE
mansIEa”.

OTMevyaeM, UTO IIPABHIIO TPABOH PYKH HEe SBIISETCS VHHBEPCAIBHBIM, KAKHM SBIISETCS
IpaBHIIO JIeHI[a, IIPHUMEeHHTEIIBHO K 0a30BOMY OITPEJIEIIEHHIO TIOTYVUEHH HHAYKIIMOHHON 3.]1.C.,
HO ero TInpmMeHeHHe IIpH a”Hanmse MIIT saergerca ©Ooje  IIPOCTEIM M, IIO3TOMY,

IPECAIIOYTHTCJIb HBIM.

OCHOBHAS YACTh.

JIBuratens rmocrosHHoro Toka (JIIT) comepxut (puc.3.2):

- 00MOTKY BO30YyxkAeHHS (OB), pacmonokeHHYX0 Ha crarope, K OB mpHiIoXkeHO
IIOCTOSIHHOE HAaIIpsDKeHIHe BO30YKIeHHSA Ugg, KOTOpPOe CO3MAaéT B HEH ITOCTOSHHBIN TOK /o,
KOTOPBIH CO3JIacT ITOCTOSHHOE MArHHTHOE II0JIe BO30YKIEHHUS Dop, C ITOMOIIBIO ITOTFOCHBIX
HAKOHEYHHKOB, Ha3bIBAEMBIX H3-3a HX (DOPMBI, ITOJIFOCHBEIMH OallMakKaMH, BAOIb HX CO3J[acTCs

AOKYMEHT NOANMUCAH IpaBIeHHOe K IIeHTpy I OT IieHTpa JIIT; 310
SNEKTPOHHOM NOANUCHIO

Ceptudhmkat.. 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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IUTIACTHHBI KOJUIEKTOPa H IIPHIIETAFOINIE K IUIACTHHAM INETKH, ITOABOANUTCS BHEIIHEE ITOCTOSHHOE
HaIpPsDKEHHE, Ha3bIBaeMOe HaIIPSDKEHHEM SKOPA Us, 3TO HAIPsDKEHHE CO3MAacT B OOMOTKE SKOPS
IIOCTOSIHHBIH TOK SKOPS L.

Ipunyun oeticmeus JIIT COCTOHT B CIEAYIOIIEM: Ha IIPOBOJHHKH SKOPS, OOTeKacMbIe
TOKOM [y, TIOMEINlEHHBIE B MAarHHTHOe TII0JIe Doz OOMOTKH BO30YKIEHHSI, IEHCTBYIOT
MeXaHH4yeckne cuibl F. HarpaBneHne cHin F OIpeAenseTIcs IIPaBHIOM JIEBOH PYKH, YTO
oTO0paXeHOo Ha pHC.3.2.

[IpoBOMHHKH OOMOTKH SKOPS VKIAABIBAIOTCS B IMa3bkl SKOPS M ITOAKIFOYAIOTCS K
IUTACTHHAM KOJIJIEKTOpa TakMM O0pa3oM, YTO B YacTIX OOMOTKH SIKOPS, PACITOIOKEHHBIX IIO
pasHBIE CTOPOHBI OTHOCHTEIBHO INETOK, TOKH HMEIOT OIHO H TO K& HallpaBlleHHe. braromaps
TaKOMY HCITIOTHEHHIO SKOPS, CIUIBI F, NEHCTBVIOIME Ha BCE ITPOBOJHHKH SKOPHOH OOMOTKH,
CO3MAOT  OQMHAKOBBIE IIO  HAIPABIEHHIO  Bpalllaloll[iie  MOMEHTEI, CIIEJIOBaTEILHO,
CKIIQABIBAIOTCS M 3THM 3aCTABIISIOT POTOP BpallaTbCsI B OAHY CTOPOHY, HAallpHMEP ITPOTHB
YAaCOBOH CTPENKe, KaK IIOKa3aHO Ha puc.3.2. HarmpapieHe BpallleHHS SIKOPS ¢ YaCTOTOH
COBIIAJIAET C HaIIpaBJIeHHeM MOMeHTa M. ECI H3MEHHTH ITONISPHOCTE ITPHIOKEHHOIO K SKOPIO

HAITPsKCHIA Uﬂj TO H3MCHHTCSH HAIIPpABJICHIA TOKaA Is BO Bcex ITPOBOJHHKAX OOMOTKH AKOPS, H

HIIT Oymer BpallfaTeCs B IPYTYIO CTOPOHY.
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[Jomrmo ocHOBHoro »dgpekra — mnomyueHHS Bpamfaromiero momeHta M, B JIIIT
CYILIECTBYET HOOOYHBIL 5¢hghexm — BO3HHKHOBEHHE B SIKOpPE 5.J1.C. BpallleHHS E. JTa 5.1.C.
BOSHHKAET 3a CUET TOTr'O, YTO IIPOBOAHUKH SKOPS IEPEMEINAIOTCS B MAarHUTHOM IT0JIE OOMOTKH
BO30YKIeHHS Pop. HampasneHue 5. 1.C. BpallieHHd £, ompeie]IeHHOe 10 IIPaBHIy IIPaBOH PYKH,
IIPOTHBOITONOXKHO TOKY Iz Tak Kak TOK g CO3JAeTcd IIPHIOKEeHHBIM K sxopro JIIT
HarpspkeHHeM (g, TO HampaBieHHSI [y U Ug COBIamaroT, a 5.J.C. BpallleHHS F HaIlpaBlIeHa
HaBCcTpeuy K Uy [loaToMy 3.4.C. BpaleHns £ Ha3pIBAIOT TAKXKE IIPOTHBO-3.11.C. Y CTAHOBIIEHHOE
COOTHOINIEHHE MEXIY HarpaBlIeHUSIMH E U Uz ITO3BOJISIET 3alMCaTh CIIEAVIOIIEE YPAaBHEHHE I[ETTH
skops JIIT:
Us—E=R I, = Ug=E+R I,

B cooTrBeTcTBHH ¢ (3.2) 3.1.C. BpallleHHT £ MpsAMO IIPOITOPIHOHAIFHO HHAYKTHBHOCTH B

MAarHHUTHOT'O ITOJISI BO30YXKJEHHS, pasMepaM OOMOTKH [D M / M 4acTOTe BpallleHHSI @ SKOPSL.

YHHBEII—]H}’TO ITPOITOPHHOHAIIBHOCTD ITPHHATO 34IIHCBIBATL B BHC

E=csw,

rjae ce —Ko3(ppuImieHT MarHuTHOro moroka J{I1T.

YpaBHeHHe ASKOpHOH ety JII'T mprumMer B

UH:E¢

w+R HI q
Yrkazanue no mexunuke dezonacrocmit:
VKazaHHA II0 TexXHHKe 0e30ITacHOCTH IIPH BBINTOTHEHHH HaO0OpaTOPHBIX padoT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bIn0JIHEHIUI0 J1ADOPAMOPHOIL P AD OMbl:

1. YOenurech, YTO YCTPOHCTBA, HCITIONB3YEMEIE B JKCIIEPHMEHTE, OTKIIFOUEHBI OT
CETH 3JIEKTPOITHTAHH .

2. ColepHTe BIEKTPHUYECKYIO CXEMY COEIHHEHHH TEIUIOBOH 3all[HTHl MAIIHHEI

IIEPEMCHHOI'O TOKA.

3. CoegHHHTe THe3ga 3all[HTHOTO 3a3eMIIeHHST " YCTPOHCTB, HCIIOJIb3YEMBIX B

SKCIIepHMeHTe, ¢ THe3aoM "PE" TpexdasHoro HcToyHuKa ITHTaHHI G1.
4. COeHHHUTE argrapaTypy B COOTBETCTBHH C 3JIEKTPHUYECKOH CXEMOH COEIHHEHHH

BAPDHAHT ] 11 mccneoBaHIS ABHTATEIS ¢ HE3aBHCHMBIM EGB@}’}I{,[[EHIIEM.

— —

NOKYMEHT MOANMCAH -uctoyHnka G2 u Bo30ymuTens G3 yCTaHOBHUTE

SNEKTPOHHOW NOAMUCHIO
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Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
73



0. PerymipoBouHbIe PYKOSTKH HCTOUYHNKA G2 1 BO30yaureas G3 MOBEPHHUTE IIPOTHR

JaCOBOH CTPEIIKH 0 YIIOpa.

7. YcTaHOBHTE B KaXXJOH (pa3e aKTHBHOH HarpyskH Al(0 cyMMapHyIO ee BEIITHUHHY
100 %.

8. Bxmounte Beikmrouatenb « CEThy» 6moka Myl THMETPOB Pl M yKaszaTens 4acTOTEI
BpareHus P3.

9. AKTHBH3HPYHTE MYJIILbTHMETPEI O110Ka Pl, 3a1eHCTBOBAHHEBIE B DKCIIEPHMEHTE.

10. Bxmounte HerouyHHK G1. O HalmMyuMH HalpsDKeHHH (a3 Ha ero BRIXOJIE JTOJIKHBI

CHI'HAJIH3HPOBATDL CBCTAHAITHCCH JIaMITOTKIL.

11. Bxmounte Beikmrovatens "CETD" u HaxwvmTe KHONKY "BKJL" merounnka G2.
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OJOKYMEHT NoAarnncAH )
ANEKTPOHHOW NOoArnnchbio
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12. Bpamas perympoBOUYHYIO PYKOSTKY HCTOUHHKA (G2, pasroHuTe ABHraTens M2 mo

YaCTOTHI BPAINEHHA 11, HAIIpHMep, paBHO 1500 mMumH ™.
13. Bxmounte Beikmrovatens 'CETD" um Haxnvmre KHONKY "BKJL" Bo3Oyaurensa G3.
14. Bpamas peryiHpoBOYHYIO PYKOSATKY BO30yaurend (3, H3MEHSHTE TOK SKOpS I
(TOK He JIOMKeH ITpeBbHIaTh 3HaueHHI 1,0 A) geuratens M2 H 3aHOCHTE ITOKa3aHHS

amriepMmerpa P1.1 (tok I), BomeTMeTpa Pl.2 (HampspkeHne U sxops aBuraTend M2) H ykazarens

P3 (4acTora BpameHHsI n) B TaOIIHILY:

LA

U,B

n, MuH!

15. 110 3aBepIIeHHH SKCIIEpHMEHTA CHavajla y Bo3oyaurend (G3, a 3aTeM Y HCTOYHHKA
(2 IOBEpHUTE PETYIHMPOBOYHYIO PYKOSTKY ITPOTHB YacOBOH CTPEIKH JO VYIIOpa, HaXMHTE
kHOIIKY "OTKJL" n orxmrounrte Beikmroyarens "CETB". Orkmounte HeToyHHK Gl HaxaTHeM Ha
KHOITIKY — I'pHO.

16. Hcromp3ysa JgaHHbIe TaONMHMI[BI, JUIS Ka)XJIOro 3HAYEHHS YacTOTHI BPaIlEHHS N

BEIYHCIIHTE I10 (DOPMYIIE

60 | |
M= (U-651)1
2 mn
n, MHH "
M, H-m
17. Hcrone3ysd JaHHBIE IIOCTPOHTE HCKOMYIO CTAaTHYECKYHD) MEXAHHUYECKYIO

XapakTe pHcTHKY N—={(M) IBHTraTels ITOCTOSHHOIO TOKA.

Codeporcanue omuema:

OTYeT JOIKeH COHOCPAKATh.

1. Haspanue paOoTHI,

2. [lemp paboThI,

3. Kparkme TeopeTHUYECKHE CBEAEHU,

4. OrmcaHHe HCIIONB3YEMOI0 000PYIOBAaHHI H MaTEPHAJIOB,
5. I IopsimOK BREITTOITHEHHS PAa0OTHI,

AJOKYMEHT NogrnicAH TAaTOB,
SNEKTPOHHOW NOAMUCHIO
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Konmponosrsie éonpocel:

1. Kakue 3/1eKTpOMarHUTHEIE SBIEHHSA HAOIIOIAI0TCS B BIIEKTPHYECKIX MaIllHHAX?
2. Kak rpHuBecTH SBIIeHHE 3NeKTPOMAarHHTHOH HHAYKIHH K ITPaBHITY IIPaBOH PYKH?
3. IlosicHuTE YCTPOHCTBO H HasHAUEHHE OTJENIBHBIX 371eMeHTOB J[IIT.

4. KakoB mpuHIpa gencteus JJIITT?

5. Kaxoii moSounsIii 3¢ (pekT BO3HHKAeT BO Bpamfarormemcs JI1T?

0. ITosiIcCHHTE BRIBOJ YpaBHEHHS SIIEKTPHYECKOrO COCTOSHH A AKOPHOH ey J{IIT.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamoprasn paboma Nell. Hcenvimanue mpex@)aznozo aCUHXPOHHOZO

HJIEHHIPﬂﬂ 6UHIAMENIA C KODOMKOIAMKHYRIBIM POmopom

Ilens padomsr: 03HAKOMHTHCS ¢ KOHCTPYKIHEH, MeTOJaMH ITyCKa H XapaKTepHCTHKAMH

dCHHXPOHHOI'O 3JICKTPOIBHIATCJIA

OCHO6bL MeopuiIL:

ACHHXPOHHBIM JBHIaTelIeM HA3bIBAIOT JBHTATENb IIEPEMEHHOIO TOKa, POTOP KOTOPOro
BpaIl[aeTcs He CHHXPOHHO C BPAINAFOITHMCS MAarHHTHBIM ITOJIEM CTaTopa.

CTaTOpPOM Ha3bIBAKOT HEMOABIKHYIO YAaCTh MAIIHHEI, 2 POTOPOM — BPAMIAFOIIYEOCSI YacTh.
CTaTop COCTOMT H3 CEpPJIeYHHKA, HaOpaHHOTO M3 JIHCTOB AIEKTPOTEXHHYECKOH CTallH,
H30JIHPOBAHHBIX IPYT OT APyra 3JIeKTPOTEXHHYECKHM JIAKOM JJISI YMEHBIIE HHS BHXPEREIX TOKOB,
1 0OMOTKH, YKJIaJbIBa€MOH B ITa3bl, BRIINITAMIIOBAHHBIE Ha BHYTPEeHHEH ITOBEPXHOCTH CTaTOpa.
[Ipn noakmroyeHHH Tpexd(a3zHoil OOMOTKH CTaropa B Tpex(asHYI0 CeTh, B CTATOPE CO3JAcTCS

BpaIlldrOIIccCA MAaI'HHTHOC I10JIC, HaCTOTd BPalllCHHA KOTOPOI'O ITOCTOAHHA H PdBHA.
- 60f,
-
P

rae f; —Jacrora HanpspkeHns rmuTaromel ceTH (f; = 50 I')

n

P — YHCIIO ITap IOMFOCOB JBHTATEIIS.

PoTtop Taxkke COCTOMT H3 cepJcyHHKa H OOMOTKH, KOTOpPBIE HacaKeHBl Ha Ball.
CepJIeyHHK poTOpa HaOHpParOT H3 JIHCTOB 3NIEKTPOTEXHHYECKOH CTalIH, B KOTOPBIX HA BHEIIHEH
ITOBEPXHOCTH BBIIITAMITOBAHEI ITa3bl. ACHHXPOHHBIE JBHIATEIH B 3aBHCHMOCTH OT KOHCTPYKIIHH
POTOpa MOT'YT OBITH JABYX THIIOB. B ABHTATENSX C (pa3sHBIM POTOPOM B ITa3bl POTOPa YKIAJABIBAFOT
TaKy1o ke TpeX(azHyro 0OMOTKY, KaK H Ha CTaTOope.

TpH KOHIIa OOMOTOK COEJHHSIOT B 3Be3AY, a TPH JIPYTHX BEIBOAST Ha KOHTAKTHBIE
KOJIbI[a. B ABHTaTElIe ¢ KOPOTKO3aMKHYTEIM POTOPOM B I3kl POTOPA 3aJIMBAIOT PacIUIaBJIEHHEIH
AMFOMHHHH, IIPH 3TOM BMecTe ¢ OOMOTKAMH OTJIHBAaIOT KOPOTKO3aMBIKAIOIIHE KOJbIlA, B
pe3yibTaTe 4ero 0OMOTKA IOIYyYaeTCsI KOPOTKO3aMKHYTOH.

Bpamraroreecss MarHHTHOE TI0JIe CTaTOpa IlepecekaeT 0OMOTKY pOTOpa H HAaBOJHT B HHX
5JI.C., a TaK KaK 0OMOTKa 3aMKHyTa HAKOPOTKO, TO B HeH Ha4YMHAIOT ITPOTeKaTh TOKH, ITPH
B3aHMOJEHICTBHH KOTOPBIX C MAarHHTHBIM IIOJIEM CO3[AeTCsS BPAINAIOMMIi MOMEHT, H POTOP

HayHHaeT BpalnaThkcs. YacTora BpAIIEHHS POTOPa 11 B ABHI'ATCJIbHOM PCKIIME BCCI'ld MCHBIIIC

NOKYMEHT NoanncAH
INEKTPOHHOWM NOANMCbIO ITHX Y4CTOT, OTHECCHHAA K HdaCTOTC BPaAIllCHIA
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapenau; Lebayxopa TateaHa AnekcaHapoBHa "elld
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Tax Kak BpaIlaroIiii MOMEHT ITOSBISETCSI B pe3yIbTaTe B3aUMOJACHCTBHA TOKa poTopa -
C MarHHTHBIM ITOTOKOM @ cTaropa, TO €ro BeJIHYHHA ITPOIIOPIHOHAIIFHA HX ITPOH3BEACHHIO.
[lockombKy B MeXaHHYECKYIO PpadOTy MOXKET IIPEBpAINaThCs TOJNBKO AKTHBHAS MOIIHOCTE,

ITPOITOPIIIOHAIIBHAA aKTHBHOH COCTaBIISIFOILEH TOK4a, TO

M=C,,1,-P-cosy,

TJIE W, — YIOII cABHTA (pa3 MexkIay 3.4.C. H TOKOM POTOpa,
C, — K03( PHITHEHT, 3aBHCSIIHMHA OT KOHCTPYKI[HH JBHIATEILS.

Taxim obpaszoMm ,-cos qb?

- dKTHBHas COCTAaBIIAIOIIaAd TOKA POTOPa.
(OCHOBHBIE SKCIUIYATAIllHOHHBIC CBOHCTBa JIBHIATEId OITPCACIIAOTCA €TI0 paﬁﬂlﬂmﬂ[
XdPAaKICPHCTHKAMIL, T.€. 3dBHCHMOCTAMH P1:, COs(Q, 11, T}, I, OT TTOMe3HON MOIITHOCTH ABHIrarens P- .

IlogBoaimMas K dCHHXPOHHOMY JBHI'ATCJIKO MOOIHOCTDL PdBHA.

P.=3-U,-I,-cos¢

IJe. COsQ —KOA((QHIHEHT MOIITHOCTH JBHIATEIL,

N — YacTOTa BpallleHHS POoTopa,

[, — TOK craropa.

Paboune xapakKTepHCTHKH aCHHXPOHHOI'O IBHTATEIS MTPEACTaRIEHbI Ha pHC. /. 1.

Paboune XapaKTepHCTHKH MOIYT OBITh ITIOJIYYEHBI IMOO0 pacyeTHBIM IIYTEM, JIHOO
OIIPEAEIIEHE] OIBITHRIM ITYTEM ITPH HCIBITAHWH JBHTATEIIS ITOJ Harpys3kon. Harpyska Ha Baimy
H3MEeHSETCSA B IIpeJiellaX OT HYIS B pexknmMe xonoctoro xoga (P; = 0) 1o HOMHHAJIEHOH HIIH
Oomprer. IlpH 5TOM H3MepsrOoT MOTPeOisieMBIH TOK [;, YacTOTy BpallleHHS poTopa o,
NOTPeOIsIeMy 0 MOITHOCTE Pj, KOA(P(HIHEHT MOITHOCTH COS(. BelIHYHHY ITOJIe3HOH MOIIMHOCTH
P> BRIUMHCIISIOT Yepe3 BEIMYHHY BpallfarOIller0 MOMEHTA, €CIIH B KaUueCTBEe Harpys3KH JIBHUTATEIS
HCITONB3YETCA BIIEKTPOMATHUTHBIN TOPMO3, WIH YePe3 MOIIHOCTh TEHEPATOpa, CIIH B KAYECTBE
HArPy3KH JBUTATENS HCIIOIB3YETCS IEHEPATOP ITOCTOSHHOI'O TOKA.

I[Ipn 5TOM T1OE€3HAs MOIIHOCTh TI'E€HEepaTOpa OIPEIENISeTCS H3MEPEeHHEM TOKa H
HAITPSDKEHHS T'eHepaTopa:

P.=U_ I

IlogBoaHMasa OoT ABHIaTelld IOIe3Has MOII[HOCTD Pgr[[E. PABHACTCH TTOBOJHMOH MOIITHOCTH

Tarranamana D _

NOKYMEHT nogarnncAH
SNEKTPOHHOW NOAMUCHIO P
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6 -p __r
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rae n — KI1JI reHepaTtopa (13 pHC. 2).

[Ipn Harpyske Ha 3JIeKTPOMArHHTHBIH TOPMO3 H3MEPSETCS IT0JIe3HBIHM MOMeHT M Ha Baiy

ABHI'ATCIIA H HdACTOTd BPAIICHIA 11, ITO KOTOPBIM OIIPSACIACTCA ITOJIIC3HAA MOIIMHOCTE ABHIATCIIA

P-:

=

b O

PucyHok 7.1 — Paboune XapaKTepHCTHKH aCHHXPOHHOIO JBHIATENId
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PucyHok 7.2 — 3aeucuMocts KII1J| reHepaTopa oT MOIIHOCTH Pr

YKkazanue no mexHuke d0e3onacHocmit:

AOOKYMEHT NnoarncAH
SNEKTPOHHOW NOAMUCHIO
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VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:

Yacme 1. Cuamue u onpedenenue xapakmepucmux xoaocmozo xooa I~f(U), P~f(U),
cos@,~f(U) mpex@hazrnozo acuHxXpoHHO020 06uzamens ¢ KOpOmMKO3AMKHYMbIM DOHOPOM

1. YOenurech, YTO YCTPOHCTBA, HCIIONB3YEMEIE B 3KCIIEPHMEHTE, OTKIIFOUEHBI OT
CETH 3JIEKTPOITHTAHH L.

2. CobepHTe HSMEKTPHUYECKYIO CXEMY COEIMHEHHI TeIZIOBOH 3all[HThl MAIIHMHEI

TIICPEMCHHOI'O TOKA.

3. CoeIHHHUTEe THe3[da 3alllHTHOIO 3a3eMIIeHHS " YCTPOHCTB, HCIIOJIb3YEMBIX B
SKCIIepHMeHTe, ¢ THe3aoM "PE" TpexdasHoro HcToyHHKA ITHTaHHT Gl .

4. COoeIHHHTE aIlllapaTypy B COOTBETCTBHH C 3IIEKTPHUECKOH CXEMOH COEIIHEHH.

5. Ilepexmroyatenu pexmma padoTel BRIKIIOYaTeneH A0 M A8 YCTAaHOBHIE B
roimoxenue "PYUH.".

0. B tpexda3HpIx TpaHcpopMaTOpHBIX Ipynmax A2 H A7 ycTaHOBHT e HOMHHAIbHBIE

BTOPHYHBIE HaMIpsDKeHHT TpaHchopMmaTtopoB 127 Bu 127 B.

7. Bxmrounte BrRIKIroUaTenn « CETh» OII0KOB, 3aJe HCTBOBAHHEIX B SKCIIEPHMEHTE.
8. AKTHBH3HPYHTE MYJIILbTHMETPEI O110Ka Pl, 3a1eHCTBOBAHHEBIE B DKCIIEPHMEHTE.
9. Bxmounte HerouyHHK G1. O HalmMyuMH HalpsDKeHHH (a3 Ha ero BRIXOJIE JTOJIKHBI

CHTHAIIM3HPOBATh CBETSIIHECS JIAMITOUKH.
10. IIycture aeurarens M1 HaxatneM KHOIKH « BKJL » BeIKITrOUaTens A6.
11. MeHSs onoKeHHe PETYIIHPOBOYHBIX PYKOSTOK TpeX()a3HBIX TpaHC(OpMaTOPHBIX
rpymar A2 U A7, BapeHpYHTE IOABOANMOe K apHrarearo M1 rmmHerHoe Hanpsokenne U B
muana3oHe 100...250 B u 3aHOCHTe mokazaHus BonbTMeTpa P1.1 (Hampspkenue U), amrepmerpa
P1.2 (¢a3neri Tok Ip 1BHraTens M1), a Takke BaITMeTpa H BapMeTpa H3MepHTelI P2 (akTHBHAS

Py 1 peakTHBHAS Qp; MOIITHOCTH, TTOTpebIsieMble OAHOMH (pa3oil geurarens M1) B tabmmry 4.2.1.

Tabmmira 7.1

U B
In A
Po, Bm
Qoi, Bm

12. OTKIIOYHTE HCTOUHHK (1.
NOKYMEHT NoanncAH

SNEKTPOHHOW NOANWUCHIO 5» OIIOKOB, 3aJIEHCTBOBAHHEIX B 3KCIIEPHMEHTE.
CepTudukar: 12000002A633E3D113AD425FB50002000002A6
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14. Hcromp3ya gaHaeie TaOnuapl 4.2.1, BEIUMCIHTE COOTBETCTBYIOIIHE HAITPSKEHHIO

U 1nomHeie akTHBHYIO Pp H peakTHBHYIO (Qp MOIIHOCTH, ITOTpediseMble aBurareneM M1, 1mo

(popMyIIaM:
Po=3"Poq,
Qo=3Qa
H 3aHECHTE MX B TaOmmHIry 7.2.
Tabmmma 7.2
U B
Po Bm
Qo Bm
15. Hcmomp3ya gaHHeie TaOnuapl 4.2.2, BEIUMCIHTE COOTBETCTBYIOIIHE HAITPSKEHHIO

U 3HaueHHSI K03 (PHIIHEHTA MOIIHOCTH IO (popMyTIe
P,
P ,+ ’
\/ 0° an

Ccos ¢, =

H 3aHECHTE IIOJIyYeHHEIe Pe3yiIbTaThl B TaOIMHITy 7.3.

Tabmma 7.3
U B
cos @
16. IIpu HeoOxXomMMOCTH OOIBIINEH BapHAaTHBHOCTH 3HAYeHHH HanpsokeHHs U,

IIOBTOPHUTE SKCIIEPHMEHT ITPH 3aKOPOYEHHOM JIMHEHHOM peakrope Al4.
17. Hcronesyga gaHHble Tabmiiy 7.2 B 7.3 IIOCTPOHTE HMCKOMBIE XapaKTepPHCTHKH
xonoctoro xXoma Ip=f(U), Ppo=f(U), cosgu=f(U) TpexdazHOro acHHXpPOHHOIO JBHTaTelsd C

KOPOTKO3aMKHYTBIM POTOPOM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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SNEKTPOHHOW NOAMUCHIO ‘
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

| ACHHXPOHHOI' O 3JIICKTPOJABHIATCILA
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Qacme 2. Ilyck 6 x00 mpexgazHozo  ACUHXPOHHOZ0  Oéuzamena C
KOPOMKO3 AMKHYMBIM/ (DA3HLIM POMOPOM ¢ peUcCmpauiieil U omoopaxrceHuem peicuUMHbIX
napamempoé Ha KOMnovomep

1. YOenurech, YTO YCTPOHCTBA, HCIIONB3YEMEIE B 3KCIIEPHMEHTE, OTKIIFOUEHBI OT
CETH 3JIEKTPOITHTAHH L.

2. CobepHTe HSMEKTPHUYECKYIO CXEMY COEIMHEHHI TeIZIOBOH 3all[HThl MAIIHMHEI

TIICPEMCHHOI'O TOKA.

3. CoeIHHHUTEe THe3[da 3alllHTHOIO 3a3eMIIeHHS " YCTPOHCTB, HCIIOJIb3YEMBIX B
SKCIIepHMeHTe, ¢ THe3aoM "PE" TpexdasHoro HcToyHHKA ITHTaHHT Gl .

4. CoeIMHHTE aImrapaTypy B COOTBETCTBHH C JNEKTPHUYECKOH CXEMOH COeIHHEHII
(KOPOTKO3aMKHYTBIM poTOpoM) / ((pa3HBIM POTOPOM).

5. Ilepexmrouyatenu pexuma padorel HcTOYHHKA (G2 M BRIKIIOYaTenen A0, A8
YCTAHOBHTE B ITOn0KeHHe «PYUH.».

0. YcTaHOBHTE B KaXXJOH (pa3e aKTHBHOH HarpyskH Al(Q ee cyMMapHYIO BEITHUHHY
paBHVYIO, Hanrpumep, 100 %.

7. YcraHOBHTE B KaKHOH (paze peocTtara A9 compoTHBlIeHHe, HampHMmep, 18 Om
(TTpH ITyCKe JBHTATENA C (pa3HBEIM POTOPOM).

8. B TpexdazHoii TpaHc(hopMaTOpHOH Ipyrmie A2 IlepeKmrodaTelleM YCTaHOBHTE
KellaeMOe HOMHHAJIbHOe BTOPHYHOE HaITpsDKEHHe TPaHCpopMaTopa, HarpuMep, 133 B.

9. [IpuBeaute B padouee COCTOSHHE IIEPCOHAIBHBIH KOMIIBIOTEDP AS H 3aIlyCTHTE
IPHKIIAJHYIO IIporpaMMy « PETHCTpaTop peKHMHBIX ITapaMETPOB MAIIMHEL ITIEPEMEHHOIO TOKA.

10. Bxmounte BeikmrouaTenu « CEThy» G110KOB, 3a1eHCTBOBAHHEIX B S3KCIIEPHMEHTE.

11. Bxmounte HetouHHK G1. O HamHMyHMH HanpsbKeHHH (a3 Ha ero BRIXOJIE JOJIKHBI
CHTHAJIM3HPOBATh CBETSIIHECS JTaMITOUKIL.

12. BpameHneM PpPYKOSTKH Ha IIepefHEH ITIaHelIM HCTOYHHMKa (G2 VYCTaHOBHTE
HaIlpspKeHHe, HanpuMep, 100 B Ha ero pervinpyemoMm BeIxoze « AKOPb»y.

13. HaxxmMute Ha BUPTYAIIBbHYIO KHOIIKY « 3aITyCTHTB» Ha HKpaHe KOMIILIOTEPA.

14. Haxxnvoite rociiegoBaTebHO KHOIMKH « BKJL.» HcTOouHIKa (G2, BREIKIIFOYATensI A6 H
CITYCTS, HAIIpHUMeEpP, 2 ¢ BRIKIIFOYATENIS A8 H 3aTeM He Io3JHee, YyeM Yepe3 10 ¢, ocTaHOBHTE
CKaHHPOBAaHHE JAHHBIX PETHCTPATOPOM HAXKATHEM Ha BHPTYAILHYIO KHOIKY « OCTAaHOBHTHY. B

PE3IVIIBETATC MAOJIZKCH OCVYIICCTBHIBCA I[E}*'XCT}’T[EHT-IE],TLIﬁ ITYCK HAI'PYCHHOI'O dACHHXPOHHOI'O

meuratenss M1 M JOIDKHBEI 3arHcarbes B KOMIIBIOTCP AddaHHBIC O PCHHMHBIX IIAPAMCTPdX Hd

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6
Bnageneu:  Lle6ayxoea TatbsaHa AnexcaHaposHa ‘aKaB Ha BHPTYAIPHYIO KHOIIKY « OCTaHOBHTE).
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17. OrxmrounTe BeIKrouarem « CET b» OIOKOB, 3ae¢HCTBOBAHHEIX B SKCIIEPHMEHTE.
18. Hcroms3ysa BO3MOKHOCTH ITpOrpaMMbl  «Perrcrparop peXKHMHBIX ITapaMeTpOB
MAIllHHBI TIEPEMEHHOIO TOKa», IMPOaHAM3HPYHTE OTOOpakKeHHBIe Ha MOHHTOPE KOMIILIOTEPA
MEeXAHHYECKYI0 XapaKTEPHCTHKY M BpPEeMEHHBIE 3aBHCHMOCTH TOKa CTAaTOPHOH OOMOTKH,

SNEKTPOMAI'HHTHOI'O MOMCHTA, HaCTOTBI BPAIlICHHA dACHHXPOHHOI'O ABHI'ATCIIA IIPH ITYCKE CI'O B

XOJI.
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PucyHok 7.5 — CxXeMa ITOIKIIFOUYEHHS K KOHHEKTOPY

Qacme 3. CHAMue U onpeodeieHue xapakmepucmuxk Kopomrozo 3amvikanua I=f(U),
Pi=f(U), Zi= f{U) mpexghazrozo acuHxpoHH020 06U2AMeENL C KOPOMKO3AMKHYIMLIM POMODOM

1. YOeaurech, YTO YCTPOHCTBA, HCIIONB3YEMEBIE B SKCIIEPHMEHTE, OTKIIFOUEHBI OT
CETH 3JIeKTPOITHTaHH .

2. CHHUMHTE KOXKYX, 3aKphIBAIOIMMH MY(QTY, COESIHHSIOIIYIO Bajl MAIIHHBI
IIOCTOSIHHOro ToKa M2 ¢ BanoM aBuratensa M1, H 3akpenure Ha HEH CTOIIOPHOE YCTPOHCTRO.

3 ColepHTe BIEKTPHUYECKYIO CXEMY COEIHHEHHH TEIUIOBOH 3all[HTHl MAIIHHEI

IIEPEMCHHOI'O TOKA.

4. COeIHHHUTE THE3[a 3alllHTHOI'O 3a3eMIIEHHS " YCTPOHCTB, HCIIOJIb3YEMBIX B
SKCIIepHMeHTe, ¢ THe3aoM "PE" TpexdasHoro HcToyHuKa ITHTaHHI G1.

5. COEIHHHTE alIaparypy B COOTBETCTBHH C 3JIEKTPHUYECKOH CXEMOH COEIHHEHHII.

0. [IepexmoyaTenu pexumMa padoTsl HCTOUYHHKA (G2 H BBRIKIIOYATENS AG YCTAaHOBHTE
B IonmoxeHne "PYUH.".

7. B TpexdasHpIX TpaHCcQOpMAaTOpHBIX TIpyimax A2 u A7 IepeKIroyaTelneM
YCTaHOBHTE HOMHHAJIbHbIE BTOPHYHBIE HaIIpPsKeHH I TpaHchopMaTopoB 242 B.

an'gﬁﬁgﬁ:;gﬁ%”ﬂﬁﬁiim » OIIOKOB, 3aJ€HCTBOBAHHBIX B 3KCIIEPHMEHTE.

[0Ka P, 3a1eHICTBOBAHHEBIE B BKCIIEPHMEHTE.

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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10. Bxmrounte uctouyHHK Gl. O HaqH4YMH HanpsoKeHHH (a3 Ha €ro BBIXOJE O KHBI
CHTHAJIM3HPOBATh CBETSII[HECS JIAMIIOYKH.

11. Haxxatnem kHomxH «BKJIL.» BeIKmrouarens A6 moaxmrounre ABHrareias M1 kK
BIEKTPHYECKOH CETH.

12. Brictpo (MeHee 4yem 3a 10 c¢) cuMTalTe H 3aHecHTe B TaOmHIy 7.4 ITOKazaHHA
BombTMeTpa Pl.1 (mmHelinHoe HampskeHHe U guratens M1), ammepmerpa P1.2 (tox Ik
CTaTOpHOH OOMOTKHM aBHrarend MI1), a Takxke BarTMmeTpa mH3MepuTend P2 (akTmBHasg Pig
MOIIHOCTD, TTIOTpedsIeMas ofHOH (paz3oi AHrarers M1) u cpa3y Iocie 3Toro HakaTHeEM KHOITKH
«OTKJI» BeiximrouaTensg A6 OTKIIOUHTE ABHIraTellb M1 OT 3lIeKTpHYECKOH CETH.

13. [IoBTOpHTE HEOOXOAMMOE KOIHYECTBO Pa3 IPOLEAYPY IOAKIIOUEHHS IBHIATEIS
M1 K 3neKTpHYECKOH CETH, CUHTHIBAHHS ITOKAa3aHHI H3MEPHTEIBHBEIX IIPHOOPOB H OTKIIOUYEHH S
meurarenss M1 oOr 3IeKTpHYecKOH CEeTH IIPH Pa3iIMYHBEIX 0Oo0jlee HH3KHMX HOMHHAIbHEBIX

BTOPHYHBIX HAITPSKEHH X TpaHc(popMaTopoB rpyrmt A2 n A7.

TaOmma 7.4
U B
I, A
P K, B 1
14. OTKmroOYHTe HCTOUYHHK (G .
15. OtxmounTte BeIKrouare i « CET by Gn0KOB, 3a1eHCTBOBAHHEIX B 3KCIIEPHMEHTE.
16. [Ipp  HeoOxoaMMOCTH  OONBIIEH  BapHAaTHBHOCTH  3HAYEHHH  JIMHEHHOIO

HaIIPSDKeHHSI TTIOBTOPHTE SKCIIEPHMEHT C COeTHHEHHEM BTOPHUHBIX OOMOTOK TpaHC()OpMaTOPOB
IPYIOBI A7 IO CXeME «3BE3/1aN.

17. Hcrons3ys gaHHble TaOIMMIEL 7.4, BEIMHCIHTE COOTBETCTBVIONHE HANpsKeHNo U
3HAQUYEHHS IIOJIHOH AaKTHBHOH MOIIMHOCTH Pk, rmorpebimsemon asurareieM M1, H mojmHoro ero

COITPOTHRIIEHH S KOPOTKOTr' O 3aMbIKaHH I Zk 110 (popMyIaM

PI{: SPH,

Z_:;':U/ L::
Ilomy4eHHEBIE pe3YIIbTATEI 3aHECHTE B TAOIMILY 7.3.

Tabmuwa 7.5

U B

Ceptudmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: ebayxoea TaTeaHa AnexcaHapoBHa
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NJOKYMEHT NoanmvucAH
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18. Hcmomesya paHHeie Ta0mmil 4.3.1 u 4.3.2 IIOCTPONTEe HCKOMBIE XapPaKTePHCTHKH
kopoTkoro 3aMmbikaHHA Ix=f(U), Px=f(U), Zx=f(U) Tpexda3HOro acHHXpPOHHOIO JBHI'aTEeIs C

KOPOTKO3aMKHYTBIM POTOPOM.

Codeporcanue omuema:

OT4YeT JOIMKeH COAePKaTh:

l. Haspanme paboTHI,

[lems paboTHI,

Kparkue TeopeTHUYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOTI0 000PYI0OBAaHHSI H MaTePHAJIOB,
IlopsimOK BEITTOITHEHHS PaOOTHI,

BreruncrneHnsa n o0padoTka pe3yinbpTaToB,

A -

BBIBOELI.

Konmpononsie sonpocel:

1. KakxoBO yCcTpOHCTBO Tpex(a3zHOro aCHHXPOHHOTO JBHTATeIII?

2. Kakop mpHHIMIT JeHCTBHS Tpex(asHOrO0 AaCHHXPOHHOIO JBHIaTeII C
KOPOTKO3aMKHYTHIM POTOPOM?

3. YTo Takoe CKOJbKeHIe IBUTATENS H KaK OHO OIPeIeIsaeTCs?

4. [ToueMy ITyCKOBOH TOK aCHHXPOHHOI'O JABHIATEN ITPEBLIIIAET HOMHHAIIBHBII H BO
CKOJIBKO pa3?

5. Kaxinvm  cmocobamMu  MOKHO — PeryIIHpOBaTh 4YacTOTY BpallleHHsI poTopa

dCHHXPOHHOI'O ABHIAT ers’

0. IIpn xakmx vyciaopHsX KIIJI acHHXpOHHOrO ABHTATENIS HMEET MAKCHMAJIBHOE
3HaYeHHE?
7. Kak oxmaxmarTcsa aCHHXPOHHEBIE JBHTATEIH?
8. Kak H3MeHHTEH HallpaBIIEHHE BPaIllEHH I POTOpa JBHIATENT?
NOKYMEHT NOANMCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
87



3. Yuebno-memoouueckoe u unghopmanuorHoe ovecneuerue 0UCUUNIUHbL

5.1 Ilepeuens OCHO6HOU U 00ROJHUMENbHOIU JILMeEPAMypsl, HeEOOX00UMOU 014
0C60€EHUA OUCUUNTUHDL

5.1.2 Ilepeuenv 0CHOBHOIL TLmMeEDP AMYPbL:

1. beccoHora JI.A. TeopeTHuecKHe OCHOBBHI 3JIEKTPOTEXHHKH. IDINEKTPHUECKHE I[EIIH. -
Mocksa: IOpamnr, 2013.- 701 c.

2. becconoBa JI.A. TeopeTHUeCKHE OCHOBEI 3JIEKTPOTEXHHKH. DJIEKTPOMAarHHTHOE IIOJIE. -
Mockga: IOpanr, 2014.- 317 c.

3. CvupHoB HO.A. OU3HYECKHE OCHOBBI ANEKTPOTEXHHKH.- CaHKT [leTepOypr: JlaHb,

2013.- 560 c.

3.1.5 Ilepeuens 0onoHumenbHOU TUMEPAMYPDLL:
1. JKaBopoHKOB M.A. DIEKTPOTEXHHKA H 3JIeKTpOoHHKA.- Mockea: Axkagemus, 2012.

2. I'omppGepr O.J1. DOnekrpoMmexannka.- Mocksa: Axagemus, 2012,

3.2 Ilepeuensv yuedHO-MemMOOUUECKOZO 0DecneueHUs CcAamocmosmebHoil pabdomol
odyuaroniuxca no 0ucUUnIHe

1. Merognueckne peKOMEHAALMH IS IIOATOTOBKH K Ia0OpaTOPHBIM 3aHSATHSAM IIO
IMICIIMIIIHHE « OIEKTPOTEXHHKAY .

2. MetoauyecKkHe peKOMEHIALIHI 10 OPraHH3aIMH CaAMOCTOSTEIIbHOM PadOThl CTYIEHTOB

IO M CITIITIITHE <« SHE:I{TIJGTE}{HI]I{H}}.

5.3 Ilepeuens  pecypcoé  UHPOPMAUUOHHO-METEKOMMYHUKAUUOHHOU  cemiul

Humepruem, He00X00UMBIX 0719 0C60E€HUA OUCUUNIIUHbL
1. http://www .biblioclub.ru -3BC "YHuBepcureTckass OHOIHOTEKA OHIAHH"

2. http://www 1prbookshop.r/ - BnexkrponHo- 6udmioreuHas cuctema IPRbooks

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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IIpmnoxeHue A

Vrazarue no mexHuke 0 e30nacrocnil

Jlo Hayamna paboTHl CTYAEHTH OOS3aHBI H3YUHTH ITPaBHIIA TEXHHUKH Oe30ITaCHOCTH ITPH
padore ¢ 3MeKTPOoyCTaHOBKAMH. OO0 H3YYEHHH IIPABHII TEXHHKH O€30IIACHOCTH M ITONYYEHHH
HHCTPYKTaXa CTYJEHTHl PacCICHIBAIOTCS B CIEIHAIbHOM JKypHane. CTYAEHTHI, He H3YUHBIIIE
IIPaBHIIa TEXHHUKH O€30ITaCHOCTH H HE ITPOIIEIIIHE HHCTPYKTaX, K BROIOIIHEHIIO ITad0paTOPHEIX
padoT He JOIIYCKAFOTCSI.

YueGHag rpymma (MM TIOATPYINIA) pa30OHBaeTcsd Ha OpHrajbl, YHCIO KOTOPHIX
YKa3bIBAETCA ITPETIOfaBaTENIEM, a COCTaB OpHTa] KOMIUIEKTYETCS CTYAeHTaMH Ha JOOPOBOIIBHEIX
Havajgax. CIMCOK TIPyImel (MOATPYIIHBI), pazOHTOH Ha OpHTragbl, CTapocTa IIpeJOCTaBIIIET
IIPEITOAaBaT IO, BEAVIIEMY I1a00PaTOPHEIE 3aH ST

Kaxnas n3 OpHraj BBINIOIHSET J1aOOPaTOPHYIO padOTy B COOTBETCTBHH C I'pa(pHKOM,
HaXOJISIIEMCS B 1a00paTOPHH.

Ilepeqy KaXaeIM 3aHATHEM CTYAEHT O0O0sg3aH IIOATOTOBHTBCSA K  BBITIOJIHEHHIO
1abopaTOpPHON PadOoTHI IO JAHHOMY METOJHYECKOMY ITOCOOHIO H PEKOMEHIYEMOH JIMTEPaTYpE.
Ilepen HayarmoM paloOTeI ITpPENogaBaTellb IIPOBEPSAET 3HAHISI CTYIEHTOB IIO COLEPKaHIIO
BREITIOIHSIEMOH PpadoThl. [IIMOXO ITOATOTOBJIEHHBIE CTYAEHTHI K BBIIIOIMHEHHIO J1a0OpPaTOPHOH
paboTHI HE JTOITYCKAIOTCA.

PaGoras B mabopaTopuu, HeOOXOAHMO COOIMIONATE CIIEAYIOIIHE ITPaBHIIA;

K BeINOJHEHHIO 1a00paTOpPHOH PadOTHI CIEAYET IPHCTYIATH TOIBKO IIOCIE IIOIHOIO
VSCHEHHS €€ COMIEeP KaHH I M ITOIYUEHHS TOITYCKa K HEll.

2. Haumnarey pabory cIeayer ¢ O3HAaKOMIEHHS ¢ IpHOOpaMH H OOOpPYAOBAaHHEM,
IIPHMEHSIEMBIMH B JaHHOH padore.

3. Ha maGopaTopHOM CTONIE JOIKHBEI HAXOMHUTHCS TOIBKO IIPeAMETHI, HEOOXOMHMBIE IJII
BRITIOITHEHHS TaHHOH PadOTHI.

4. PacrionoxeHHe armrapaTyphl Ha padboyeM CTOJE JOIDKHO OBITH TAakKHM, YTOOBI cXeMa
COSQMHEHHI TIONyYIIachk HaHOoOJIee IIPOCTOH, HArIIMHOHM M padoTa ¢ armapaTypoH Oblina
VI OOHOT.

5. JKemarenpHo, 4TOOBI cXeMy coOHpal OAZHH M3 YJIEHOB OpHIaabsl, a JIPYyrHe
KOHTPOJTHPOBAJIH.

0. HpH CﬁGpKE CIIOMHBIX  CXEM  CIICAYET  BHAYAJIC COCIOHHHITDH I'IaBHVIO,

AOKYMEHT NOAMUCAH
SNMEKTPOHHOW NMOAMNMUCHIO
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7. Ilocme T1oro, xkak cxema Ovaer coOpaHa, HEOOXOAMMO VOEIHTLCS B IIPaBHJIBHOM
YCTAHOBKE JBIJKKOB PEOCTATOB, aBTOTPAHC(POPMATOPOB H PYKOSTOK APYIHX PerVIIHPYIOIIHX
YCTPOHCTB.

8. CoOpanHas cxXemMa 0O0sg3aTelbHO JOKHA OBITH ITPOBEPEHA IIPeItofaBaTelieM IJIH
CTapIIHM JIA0OPAHTOM H TOIIBKO C HX pa3pelleHNsI MOKET OBITh BKIIFOUEHA TTO]T HATIPSIJKEHIE .

O. Ilpn BKIIOUEHHH CXeMBI 0OCO0Oe BHHMAHHE CIEIVET OOpaTHTh Ha IIOKa3aHIS
aMIIEPMETPOB M APYIMX H3MEPHUTEIBLHBEIX ITPHOOPOB. B ciyyae pe3Koro ABHIKEHHS CTPEIKH
aMIlepMeTpa K KOHI[Y IIKaJIbl CXeMYy HeOOXOJHMO HEMEIJIIEHHO OTKIIOUHTH OT HCTOYHHKA
HAITPSDKEHHA.

10. Heobxomimo OepeXHO OTHOCHTBCHA K aImaparype, HCIIONbB3YeMOH B pabore. O60
BCEX 3aMEUEHHBIX HEHCIIPAaBHOCTSX MIH TIOBPeXICHHIX CTIVISHT [JOMKEH HEMEIIEHHO
COOOIIUTE ITPEITOAaBATEIIO HIIH Ta00paHTYy.

11. Ilocne BemIOMHEHHS PaldOTHI CTYAEHT 00s3aH, He pas30dHpas CXeMBI I10Ka3aTh
IOIIYUYEHHBIE JAHHBIE IPEIogaBaTelo. ECI pe3ybTaThl H3MEPEHHH BEPHBI, TO ITPENOLaBATEIID
HX TIOAITMCBHIBAET. DKCIIEPHMEHT C HETIPABIWIBHBIMH PE3YIIbTaTaMH CIIEAYET IIOBTOPHTH.

12. CxeMy ciieqyeT pa3OdHpars TOJIBKO IIOCIE €€ OTKIFOUEHHS OT CETH.

13. Kareropuyuecku 3ampernacTCs:

— Tporarb PyKaMH OIOJIEHHBIE IIPOBOAA M YacTH IIPHOOPOB, HAXOMMIIHECS ITOJ
HAIPsDKEHHEM, JTa’Ke CIIH OHO HEBEIIHKO,

— IIPOM3BOIUTH H3MEHEHHS B CXEME ITPH ITOAKIIFOUYEHHOM HCTOYHHKE ITHTaHH,

— 3aMEeHSITh HIH OpaTh 000PYAOBAHHE, WIH IIPHOOPEI ¢ APYTHX pabOouyHX MECT

— 0e3 paspelleHHS MpernoAaBaTelns Wi 1adopaHTa;

— OTXOIHUTH OT IMPHOOPOB M MAIIHMH, HAXOMSIIMXCS I1OJ HAIPSKEHHEM IJIH OCTaBIISTh
CXEMY I10JI HAITPSDKEHHEM ITpH 00paloTKe pe3yiIbTaTOB H3MEPEHHI,

— Teperpykarh ITPHOOPHI TOKOM MM HaIpsDKEHHEM, ITPEBBIMIAIONIM HOMHHAIBHOE
3HAYECHHE.

[IpoBepKy HaIH4MS, IIOJaBacéMOr0 K CXEME MIH 3IeMeHTaM CXEMBI HallpPsSKEHHS
HeOOXOMMMO ITPOH3BOMHUTE TOJNBKO KOHTPOJIBHOHM JIaMIIOUKONH I BOIBTMETPOM, COOIMOHAs
IpaBHJIa TEXHHKH O6€30IaCHOCTH.

[Ipu paGore B maGopaTopHH CIEAYET CTPOro coOIrOaaTh MEPHL IIPeJOCTOPOKHOCTH, TAK
KaK SIEKTPHYECKHH TOK, IIPOXOMSIIMI Yepe3 TeJIO 4YelnoBeka, BelmuumHOH B 0,025 A yxke

ABICTCH OITACHBIM IS FIT3HIL.
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IIpmnoxeHnue b

DJIEKT PHYCCKRAH CXEMA CoeJHHEHHH TeIlJIOBOH 3aIMThI MAaIIHHbI

NEPEMCHHOIO0 TOKA

o TH
- O =y
(!
ITepeuens annapamypol:
O0o03HaYeHHE HammeHoOBaHHE T [lapaMeTpEl
100 Bt /230 B~/
Al MannmHa nepeMeHHOIo TOKa 102.1
1500 voH
Gl Tpexda3HbIil HCTOUYHHK ITHTaHHI 201.2 400B~/16 A
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MUWHHCTEPCTBO HAVKHU U BBICIIET' O OBPA3SOBAHU I POCCUNCKON GEJIEPAITUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIEHOE
YUPEX/IEHHUE BEICHIEI'O OBPA3SOBAHWA
«CEBEPO-KABKA3CKHWU ®F IEPAJIBHBIM YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanueckne peKOMEHIALNH

110 OPraHH3aI[HH CAMOCTOSITEILHON Pab0oThI O0YUYATOIIHXCS
1o gucruininHe « DJIEKTPOTEXHHUKA »
JUISI CTYZeHTOB HaIlpaBJIeHHS ITOJTOTOBKH /CIIEIHAIbLHOCTH
10.03.01 UupopmarmpioHHasa 6€30MacHOCTh, be30MmacHOCTh KOMITBFOTEPHEIX CHCTEM
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ComepKaHHE

BreneHne
1 OOImass XapakTepHCTHKA CaMOCTOSATEJIbHOH paldoTel oOy4aromerocs IIpH

H3YVUCHHH AHCITHITIITHBI « SHEEI"I)GTE}{HI]I{H}}

2 [TmaH-rpaHK BRITIOTHEHHS CaMOCTOSTEIbHOH paOoThl
3 KOHTpOIBbHEIE TOYKH H BHABI OTYETHOCTH I1O HIM
4 MeTtomyeckHe peKOMEHIALIHH 10 H3YVYEHHIO TEOPETHYECKOTO
MaTepHaia
5 Y4eOHO-METOIHYECKOE H HH(POPMAIIHOHHOE 00ecIieueHHe JHCI[HIUTHHBI
[IOKYMEHT MOAOMNWCAH
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BBeaeHue

CaMocTtogrelbHasad pabdora — IDIaHHpyeMas vyueOHas, Vy4yeOHO-HCCIEN0BaTEIbCKAas,
HAay4YHO-HCCJIeJOBAaTeNbCcKasd padoTa CTYIEHTOB, BRIIIOIHSIEMAas BO BHEAYAHTOPHOE (ayIHTOPHOE)
BpeMs II0 3aJlaHHIO M IIPH METOJAHMYECKOM PYKOBOJCTBE IIperojaBarelsa, HO ©0e3 ero
HEITOCPEeACTBEHHOr0 y4yacTHS (IIPH YacCTHYHOM HEITOCPEICTBEHHOM YYAaCTHH IIpeIlofaBaTells,
OCTABJLIIOMIEM BEAYIIYIO POIb 32 PaOOTOH CTYAEHTOB).

CaMocTogareibHasad padoTta CTYAEHTOB B BY3e fBIgeTCcS BaXKHBIM BHAOM YUYeOHOH H
HAYYHOH JIeSITeIIbHOCTH CTYIEHTA.

Benyimas memns opraHuzail M ocyiecTBiIeHHS CPC gomkHa coBIagaTh C IIEJIBIO
OOVUEeHHS CTYIEHTa — IIOATOTOBKOH OakajaaBpa C BBICIIHM oOpazoBaHHeM. [IpH opraHu3zarpiu
CPC BaXHBRIM H HeOOXOZHMBIM VYCIOBHEM  CTAaHOBATCI  (POPMHpPOBAaHHE  YMEHHS
CaAMOCTOSTEILHOH PaOOTHl JJII IIPHOOPETEHIS 3HAHNI, HABEIKOB H BO3MOKHOCTH OpraHH3allHI
yue OHOH 1 HAYYHOH JIESTEILHOCTH.

[{enpro caMOCTOSTENILHOH PabOoThl CTYJEHTOB SBIISIETCS OBIaJeHHe (DYHIaMeHTaIbHBIMH
SHAHHSMH, ITPO(PecCHOHATIBHBIMH YMEHHSMH H HAaBBIKAMH JESTEIbHOCTH IT0 IIPOQHIIO, OIBITOM
TBOPUYECKOH, HMCCIIEAOBATEIILCKON JeATEIbHOCTH. (CamMocTodTellbHass padora CTYIEHTOB
CITOCOOCTBYET Pa3sBUTHIO CAMOCTOSTEIIBHOCTH, OTBETCTBEHHOCTH M  OPraHH30BAHHOCTH,

TBOPYECKOI O ITOAX0/1a K PeIleHHIO ITpo0iaeM y4eOHOr 0 H IPo@d eCCHOHAIBHOTO YPOBHSL
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SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
94



O01mas xapakTepHCTHKA CAMOCTOATEILHOM PA00ThI 00y41aK0INerocs NpH H3y4YeHH
MUCHHILTHHBI «JIEKTPOTEXHH KA

CaMocTosarellbHasad pabora - IUIaHHpyeMas VyueOHas, y4yeOHO-HCCIEN0BATEIbCKA,
HAay4YHO-HCCJIeJOBAaTeNbCcKasd padoTa CTYIEHTOB, BRIIIOIHSIEMAas BO BHEAYAHTOPHOE (ayIHTOPHOE)
BpeMs II0 3aJlaHHIO M IIPH METOJAHMYECKOM PYKOBOJCTBE IIperojaBarelsa, HO ©0e3 ero
HEITOCPEeACTBEHHOr0 y4yacTHS (IIPH YacCTHYHOM HEITOCPEICTBEHHOM YYAaCTHH IIpeIlofaBaTells,
OCTABJLIIOMIEM BEAYIIYIO POIb 32 PaOOTOH CTYAEHTOB).

CaMocTogareibHasad padoTta CTYAEHTOB B BY3e fBIgeTCcS BaXKHBIM BHAOM YUYeOHOH H
HAYYHOH JeSTeIIbHOCTH CTyAeHTa. CaMOCTOSTeNIbHAS padoTa CTYAEHTOB HIPAET 3HAUHTEIBHYIO
POJIF B PEUTHHIOBOH TEXHOIOIHH OOy4YeHHS. B cBS3H ¢ 3THM, o0yueHHe B BY3e BKIIOYAET B
cebs IBe, IMpaKTHYECKH OANHAKOBBIE IO 00BEMY H B3aHMOBIIIIHHIO YaCTH — IIPOIlecca OOYUEHI ST
H mporiecca camooOyueHHsI. Ilostomy CPC momxHa craTh 3@ eKTHBHOM H IeIeHaIlpaBIeHH O
paboTOH CTYIEHTA.

K coBpeMeHHOMY CITEIHAIMCTY OOIIECTBO IIPeAbABILET JOCTATOYHO IIMHPOKHI TIEPEUYEHB
TpeOOBaHMI, CPeJH KOTOPBIX HEMAIOBAXKHOE 3HAYEHHE HMEET HAIM4YHE V BBEITYCKHHKOB
OIPEeEeNIEHHBIX CIIOCOOHOCTEN M YMEHHS CaMOCTOSATEIIbHO JOOBIBATh 3HAHHS H3 PasIHYHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh ITONYYEHHYIO HH(OPMAILHIO, JaBaTh OIEHKY KOHKPETHOM
(pHHAaHCOBOH CHTYalHH. DOPMHPOBAHHE TAKOI'O YMEHHS IIPOHCXOAHT B TeUEHHE BCEr0 IIEPHO/IA
OOVUYEeHHS 4Yepe3 YYaCTHE CTYIAEHTOB B ITPAKTHUYECKHX 3aHSITHSX, BBITIOIHEHHE KOHTPOIbHBIX
3aJlaHHIl H TECTOB, HAaIlHCAHHE KYPCOBBIX H BBITYCKHBIX KBaJTH(PHKAIMOHHBIX palboT. 1IpH 3TOM
CaMOCTOSTEIbHAA padoTa CTYJIEHTOB HIPAeT PEINAOINYIO0 POJIb B XOJE BCEro Y4YeOHOro
IIpoIlecca.

Benyimas mems opraHmzail M ocyiecTBiIeHHsI CPC pgomkHa coBIagare ¢ IETIBIO
OOYUYEHHS CTYJEHTa — IOATOTOBKOH CIIEIHAINCTAa H OaKalaBpa ¢ BREICIHNM OOpaszoBaHHEM. [IpH
opramzaini CPC BaXHBEIM H HeOOXOJHMBIM YCIIOBHEM CTAHOBATCS (POPMHPOBAHHE YMEHHS
CaMOCTOSTEILHOH PadOTHl I IIPHOOPETEHIS 3HAHHI, HABEIKOB H BO3MOKHOCTH OpraHH3allIIi
yue OHOH H HaVUHOH JESITEIbHOCTH.

@QOpMBI  CAMOCTOSITEIIbHOH PadoThl CTYIAEHTOB PasHOOOpasHel. B COOTBETCTBHH C
pabouer IIporpaMMON JUCIIMIUIHHBEL ITPEAYCMOTPEHBI CIEAVIOIIHE BHILI CAMOCTOSTEIILHOH
paboOTEHI CTYAEHTA:

- CAMOCTOSTEIIFHOE H3YUEeHHE JIHTEPaTYPHI,

- CAaMOCTOMATCIIPHOC PCIICHIIC 3aa™,

AOKYMEHT MOANUCAH
SNEKTPOHHOM NOAMMCHIO
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3ad auamu caMOCTOSITETIBHOIO H3YUEHHS JINTEPATYPhI SBJISIOTCSIL

. yIIyOJIeHHE H pacIpeHie TEOPETHYECKHX 3HAHHI

. (popMHpOBaHHE YMEHHH HCIIONIB30BaTh HOPMAaTHBHYIO, IIPABOBYIO, CIIPABOYHYIO
TOKYMEHTAIIHIO H CIIEIHAIEHYIO IIHTEPATYpPYV,

. Pa3sBHTHE ITO3HABATEIBLHEIX CITOCOOHOCTEH H aKTHBHOCTH CTYIEHTOB.

Ilens camocmoamensHozo pewieHua 3adau - OBIaJieHHe ITpodeccCHOHaIhHBIMH
YMEHHSIMH H HaBBIKaMH JIeSITeIbHOCTH IT0 IIPO(HITIO OYIYIIEH AeSTEIBHOCTH.

3adauamu cCaMOCTOSITEIILHOIO PEIleHHS 3a1a4 SBIISIOTCAL:

. CHCTeMATH3allMd H 3aKpeIlIeHHe TIIOIYYEeHHBIX TeOpPeTHUYECKHX S3HAHHI |
IPAKTHYECKHX YMEHHH CTYAEHTOB,

. (opMHpOBaHHE CaMOCTOSTEIIFHOCTH MBIIIIIIEHH A, CITOCOOHOCTEH K
CaMOPa3BHTHIO, CAMOCOBEPILIEHCTBOBAHIIO H CaMOpeali3allii;

. Pa3sBHTHE HCCIIEe0BATEILCKHX YMEHHI.

Ilenvro camocmoamenbHO20 6bINOJHEHUA pacuemHo-2pauueckoil padomst 110
TUCIHILIIMHE SBISETCS OBIaJleHHe (PYHAaMeHTAJIbHBIMH 3HAHHSMH, ITPO()eCCHOHAIbHBIMH
YMeHHSIMH H HaBBIKAMH JeSITeIbHOCTH IO ITPO(HIIO, OITBITOM TBOPYECKOH, HCCIIeL0BATEIbCKOMH
IeITEeIIbHOCTH.

3adauamu JaHHOTO BHAA CaMOCTOSTEILHON PadOTHI CTYIEHTA SBJISFOTCSI

. CHCTEMATH3alMd H 3aKpeIlVIeHHe TIIOIYYEHHBIX TeOpPeTHYECKHX S3HAHHI |
IPAKTHYECKHX YMEHHH CTYAEHTOB,

. YIIIyOIIEHHE H PACIIHpPeHHe TEOPETHYECKIX 3HAHMI,

. (opMHpOBaHNE YMEHHII HCIIOIB30BaTh HOPMATHBHYIO, IMPABOBYIO, CIIPaBOYHYIO
JTOKYMEHTALIHIO U CIIEIIHAIIbHYIO JINTEPATYPY,

. Pa3sBHTHE ITO3HABATEIIbHBIX CIIOCOOHOCTEN M AKTHBHOCTH CTYAEHTOB. TBOPYECKOH
HHUITHATHBBI, CAMOCTOSITEILHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

. (hopMHPOBaHHE CaMOCTOSTEIIbHOCTH MBIIILIIEHH 5, CITOCOOHOCTEHN K
CaMOPa3BHTHIO, CAMOCOBEPIIEHCTBOBAHHIO H caMOpeasIH3allHiH

. Pa3sBHTHE HCCIEA0BATEILCKHX YMEHHIT,

. HCIIONIb30BAaHIE MaTepHajla, COOpaHHOrO M TIIOIYYEHHOTO B XOJe
CAMOCTOSTEIBHEIX 3aHATHH Ha CeMHHapaX, Ha IPaKTHYeCKHX M JIa00PpaTOPHBIX 3aHSTHIX, ITPH

HAITMCAaHHH KYPCOBOH padOoTHL.

OOKYMEHT NnoarnmncAH
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B pesynprare OCBOSHHSA JUCHHIUIHHEL (DOPMHPVIOTCS CIECAVIOIHH IlepedyeHb

ITIAHHPYEMBIX PE3YIIbTATOB Gﬁ}"‘IEHIIH II0 JHCI[HIUIHHE, COOTHECEHHEBIX C ITIaHHPYEMBIMH

pe3yIbTaTaMH OCBOEHHS 00pa30BaTEIbHOH ITPOIrPaMMEL:

Kon, opmymipoBka Konm, ¢ opmymipoBka
KOMITIETEHIIHH HHIHKATOpa

[ImaHnpyeMble pe3yIbTaThl
0Oy4eHHS IO JHCIHITIIHHE
(MozyTIO),
XapaKTEPH3YIOIIHE STaITbI
(popMIpPOBaHHI
KOMIIETEHIHIT, HHIHKATOPOB

OIIK-4 CriocoGeH IpHMEHSATH N J1-1onx.4 3HATE:
HeOOXOHMEbIe (PH3HYECKHE (pH3HYECKHE 3aKOHBI H
3aKOHBI H MOJEIH IS MOJIETIH, HEOOXOMHUMEIE ITPH
peIeHN S 3a1ay pEeleHHH 3aa4 B
ITpo¢eCCHOHAIILHOMH IIpo¢eCCHOHAIIBHOM
IEeATEILHOCTH HESITEIILHOCTH.

3HAaeT OCHOBHBIE 3aKOHEI
BJIEKTPOTEXHHKH ; OCHOBHEIE
OIIpeAelIEHHSL,
TOIIOJIOTHYECKHE ITapaMeTPBI
H METOJBI pacyeTa
BIIEKTPHYECKHX IIETIEH,
OCHOBBI 3JIEKTPOHHKH H
3JIEKTPHYE CKHE H3MEPEHH L.
YMeeT IIPHMEHSTh ITPHHITHITEL
TIOCTPOEHH S, aHAIH3a H
SKCIUTYaTallH
BIIEKTPHYECKHX IIETIEH,
BIEKTPOOOOPYAOBAHI 1
TIPOMBIIIIIIEHHEBIX
3JIEKTPOHHBIX ITPHOOPOB.
Brameer
3JIEKTPOTEXHHYECKOH
arrapaTypoHr 1
3JIeKTPOHHBIMH
YCTPOMCTBAMH, IIPHMeHEHHEM
METOJ0OB TEOPETHYECKOIO H
3KCIIepHMEHTAJIBHOI'O
HCCIIEIOBAHI B
3IIEKTPOTEXHHKE H
IIPOMBIIIUIEHHOH
BIIEKTPOHHKE.
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ILman-rpauk BbIIOJIHEHHA CAMOCTOATEIbLHOH PadOThI

OO0BeM 4YacoB, B TOM YHCIIE
Kobr
CpencrBa 1 KOHTaKTHas
peann3yeMbIX BHI neqaremsHOCTH
- TEXHOIIOTHI padora c
KOMIIE TEHIHH, CTYJIEHTOB CPC Bcero
HHTKATOpa(OE) OLIEHKH IIPEIoaBaT
erleM
3 CEMECTP
CaMOCTOSTEIbHOE Cobece TORAHI
H3YUEHHE JIHTEPaTyPHI eﬂ 14,58 1,62 16,2
1o TeMaM Nel-18
OIlIK-1 [Toarororka K CobecetoBaHH 2.43 027 27
N JI-2omic JIEKI[H M e
| logrorosxa K CobeceJoBaHH
1adopaTOpPHBIM eﬂ 7,29 0,81 8.1
3AHSITHSIM
Hroro 3a 3 cemecrp: 24,3 2,7 27
Hroro: 24,3 2,7 27
[IOKYMEHT MNMOAONWCAH
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KﬂHTpﬂﬂbeIE TOYTKH H BHIbI OTHUCTHOCTH 110 HHM

No Buj neqrebHOCTH CTYIEHTOB CpoKH KomiyecTtBO
IU/TI BBITIOJTHEHHS OaIoB
3 cemecTp
1. JlabopatopHoe 3aHsarHe No 2 0 HeJens 25
2. JlabopatopHoe 3aHsarHe No 3 10 Hemen s 15
3. JlaboparopHoe 3aHsaTHE No 7 16 Heens 15
Hroro 3a 3 cemectp S5
Hroro S5

MaxkcuMaaIbHO BO3MOXKHEIN Oallll 3a BECh TEKYIIHH KOHTPOIbk MaKCHMalIbHO BO3MOKHEBIH

OalllI 3a BeCh TEKYIRIH KOHTPOIb VYCTAHABIMBAETCS PaBHBIM JDJ. Tekvilee KOHTPOIBHOE

MEPOIIPHATHE CHHTACTCA CA4dHHBIM, C€CJIIH CTYIACHT IIOJIVHIII 34 HEI'0O HE MCHCC 60% ot

YCTAHOBJIICHHOI'O  JJIA  3TOI0 KOHTPOIAd MAaKCHMAJIIBHOI'O

Oaia.

PeHTHHTOBBII

Oaii,

BBHICTABIISIEMBIH CIVACHTY 3d TCKYIIICC KOHTPOJIbHOC MCPOIIPHATHE, CIAdHHOC CTYIACHTOM B

YCTAHOBJIEHHBIE TPa()HKOM KOHTPOJIbHEIX MEPOIIPHSTHI CPOKH, OIPeIelsieTCs CIeTyFOIHM

o0pazoM:
YPOBEHb BBIITOTHEHHS KOHTPOIBHOI'O PeritiHroBeIH 6ami (B % OT MaKCHMAaJIbHOTO
3 aHIs OaUIa 3a KOHTPOJIbHOE 3aJIaHHE)
OTIIHYHBEIN 100
XOPOLIIHHI 80
Y IOBIIETBOPHT EIILHBII 60
HeymorneTBOpHTEILHBI 0

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

99




MeTomiyeckne PEKOMECHIAIIHHA 110 H3YYUCHHIO TCOPETHYECCKOI'0O MAaTEPHAJIA

CamocrosrenbHasg padora CTyAeHTa HAauMHaeTCsd ¢ BHHMATEIbHOI'O O3HAKOMIIEHHS C
cofepaHHeM yueGHOro Kypca.

M3yuyeHHe KaXI0H TeMBI CIIeAyeT HAYHHAThL ¢ BHHMATEIIbHOI O O3HAKOMIEHHS ¢ HaDopoM
BOITPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, TTOKAa3bIBAIOT, YTO OH JOJKEH 3HATH I10 JAaHHOH TeMe.
Bormpocel TeMbl KaKk OBl HAaKIIaABIBAIOTCS HA COOTBETCTBVYIOIIVIO ITIaBY H30paHHOro yueOHHKa
WIH y4eOHOro ITocoOHus. B HTOre JOMKHO OBITH SICHBIM, KaKHE BOIIPOCHI TEMBI YUEOHOI'O Kypca H
C KaKOH I''TyOHMHOH PAacKpBITEI B KOHKPETHOM YueOHOM MaTepHale, a KaKkHe BOOOIIE OITYIIEHEI.
TpeOyeTcsa TROPUECKOE OTHOIIEHHE H K CAMOMY COAEPKAHHEO JHCIHILIIHHEL

BoImpockl, COCTaRISIOIIIE €& COAep KaHHe, 00Iaar0T pa3HOH CTeleHbIO BaKHOCTH. ECTh
BOITPOCHI, BBIMONHSIOIIHE (DYHKI[HIO JIOTHYECKOH CBS3KH COAEP KaHHS TEMBI H BCErO Kypca,
HMEIOTCS BOIIPOCHI OIMHCATEIFHOI'O HIH Pa3bsICHHTEIILEHOIO XapaKTepa, a TaKKe HCTOPHYECKOIO
AKCKypca B 00IacTh HM3y4aeMOH MHCIIHIUIMHEI. BCce BTH BOIIPOCHI HE COCTABIISIFOT CYTH ITOHS-
THHHOI'0, KOHIIENITYAJIbHOI'O COAEPKAHHS TeMBI, HO HEOOXOANMBI IS LIETOCTHOIO BOCIIPHSTHS
H3y4YaeMbIX ITPOOIEM.

M3y4yaeMass QUCLIHIUIMHA HMEET CBOH KaTer OpHaJIbHO-TIOHSTHIHEBIN arrapar. HayuHele
IIOHATHS — 3TO Ta 0a3a, Ha KOTOPOH CTPOHUTCH Kakaasd HayKa. [IOHSTHS — Y3II0BEIE, OIIOPHBIE
ITYHKTHI KaK HAYYHOI'O, TaK H Yu4eOGHOI'O IT0O3HAHHS, JIOTHYECKHE CTYIIEHH ABIDKEHHS B yueOe OT
IIPOCTOrO K CIIOKHOMY, OT SBIEHHS K CYII[HOCTH. be3 ACHOI 0 IIOHHMMAHIS ITOHATHH yueba KpaitHe
3aTPYAHSIETCS, a COAEePKaHHE IIPHOOPETEHHBIX 3HAHHH CTAHOBHTCS TYCKIIBIM, PACIIIIBIBYATHIM.

CTyIeHT OOJKEH IIOHHMAaTh, UYTO CaMOCTOSATENBHOE OBJIAJcHHE 3HAHHAMH SBIISETCS
[TIaBHBIM, OIPEACISEOIMM. BEICIIass IKoina co3daeT IS BTOr0 HeOOXOAHMMEIE VYCIIOBHSL
ImoMoraeT OyAVIIEMY BBICOKOKBATH(HIHPOBAHHOMY CIIEI[HAIMCTY OBIAJeTh TEeXHOJIOTHEMH
CAMOCTOSTEIBLHOI O IIPOH3BOACTBA 3SHAHHII.

B camocTosgTenbHOH padoTe CTYAEHTAM IIPHXOAUTCS HCIIONb30BaTh JIHTEPATYPY
pPa3IHMUHBIX BHJIOB: IIEPBOMCTOYHHMKH, MOHOrpadHH, Hay4yHBle COOPHHMKH, XpPeCTOMATHH,
yueOHHKH, YUeOHBIE ITOCOOHS, KYpHaIbl H Ap. M3yueHHe Kypca IIpeAllonaracT 3HAKOMCTBO
CTYJEHTOB C OOIBINMMM OOBEMOM HAYUYHOH H YUYeOHOH JIHMTEPATyYphl, YTO, B CBOI OUYEPE]D,
IOpOKAaeT HeoOXOAMMOCTh BHIPAOOTKH VYV HHX PallHOHAIBHO-KPHTHYECKOIO IIOAXOJa K
H3yYaeMbIM HCTOUYHHKAM.

YroObl He «YTOHYTH» B OIPOMHOM OOBeME PEKOMEHJOBAHHBIX €My M1 H3YUYEHHS
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[IpenBapHTENBHEIN ITPOCMOTP KHHIH BKIFOYAeT O3HAKOMIIEHHE C THTYJIBLHBIM IIFCTOM
KHHTH, AQHHOTAI[HEH, IIPeJHCIOBHEM, OIJIaBIeHHEM. [IpH O3HAaKOMIIEHHH C OIJIaBJIEHHEM
HeOOXOHMO BBIJEIHTh Pa3Jlellbl, ITIaBkl, IIaparpadsl, IIpeAcTaBILIONIHE IS Bac HHTepec, Oerio
HX IIPOCMOTPETh, HANTH MecTa, OTHOCSIIHecS K TeMe (al3allbl, CTpaHHIBI, ITaparpadsl), H
MTO3HAKOMHTLCS ¢ HUMH B OOIIHX YepTax.

HayumHble H3JaHHs COITPOBOIKIAIOTCS Pa3IMIHBIMH BCIIOMOTraTeIbHBIMH MaTepHaIaMH —
HAay4YHBIM aIrmIapaToM, ITO3TOMY Ba)XKHO 3HATh, M3 KaKHX OCHOBHBIX 3JIIEMEHTOB OH COCTOMT,
KaKOBBI €I0 (DYHKI[HH.

3HAKOMCTBO C KHHI'OH IIy4YIlle BCErO0 HaYHHATh C H3YYEHHS aHHOTAL[HH — KPaTKOMH
XapaKTepHCTHKH KHHIH, PacKpBIBAIOLIeHl ee coJepkKaHHe, HACHHYI0, TeMaTHYECKYI) H
’KaHPOBYIO HAaITpaBIIEHHOCTh, CBeJeHHSI OO0 aBTOpe, HasHaYeHHe H JAPYyTHE OCOOEHHOCTH.
AHHOTAIA [IOMOraeT COCTABHTEH ITPeABapHTEIbHOE MHEHHE O KHHIE.

['1my0xe IIOHATH coJepkKaHHe KHHIH ITO3BOJISIEOT BCTYIIMTENIbHAS CTAThs, B KOTOPOH
JaeTcs OLleHKa COJepXKaHHS KHHIH, 3aTparMBacMOH B HeH IIPOOJIEMAaTHKH, COJAePKHTCS
HH(pOPMAIHI O KH3HEHHOH H TBOPYEeCKOH OHOrpadHm aBTOpa, BRICKA3BIBAFOTCS ITOIEMHYECKHE
3aMEYaHHs, Pa3bSICHIIOTCS OTJENbHbIE IONOXKEHHS KHHIH, JAF0TCSI KOMMEHTAapHH H T.J. BoT
ITOYEMY 3HAKOMCTBO € BCTYITHTEIILHOH CTaTheH ITPeICTABIIIETCSI OUYEHb Ba)KHBIM. OHO ITOMOTaeT
CTYJEHTY COPHEHTHPOBATHCS B TeKCTe paOdOThI, OOpaTHTh BHHMAHHE Ha €& HaHOoJee I[eHHbIE H
Ba;KHBIE pa3flellbl.

Tol &Ke 1LeIH coAeHCTBYeT 3HAKOMCTBO C OITIaBJIEHHEM, ITPEIHCIIOBHEM, ITOCIECIIOBHEM.
BecbMma IONE3HBIMH 5JIeMEHTAaMH HAayYHOI'O allllapaTa SBILIFOTCS CHOCKH, KOMMEHTApHH,
TaOMHIBI, TpaHKH, CIHCKH JHTepaTyphl. OHH He TOIBKO HWIIFOCTPHPYIOT OTAEIbHBIE
MTONOKEHM KHHTH HIIH CTaThbH, HO H CaMH IO ce0e SBIISIOTCS JOIOIHHTEIIEHBIM HCTOUHHKOM
HH(pOPMAIHH IS YHTATETIS.

Ecim ymrarenns 3aHmHTepecoBanla Kakas-TO BEICKa3aHHAsS aBTOPOM MBICIIb, He Hallle[JIast
MMOAPOOHOI0 OCBEIlEHHS B JaHHOM HCTOYHHKE, OH MOKeT OOpaTHThCSA K TEKCTY HCTOYHHKA,
VIIOMHHAEMOI'O B CHOCKE, THOO K HCTOUHHKY, KOTOPBIH OH MOKET HAaHTH B CITHCKE JIHTEPATYPEL
PEKOMEHJOBAHHOH aBTOPOM JJISI CAMOCTOSTEIIBHOT O H3YUEeHH.

CyIIecTBYET HECKOIBKO (POPM BeJEHH S 3aITHCEH:

— IUTaH (IIPOCTOH H pa3BepPHYTHIH) — HaHOoIee KpaTkas (popMa 3aIlHCH ITPOYHTAHHOTO,
IpeJcTaBILIo[ass coOOH IlepedeHb BOIPOCOB, pacCMaTPHBAeMBIX B KHHIE€ HJIH CTaThe.

PazBepHYTBEIH IIIAH TIPeACTaBIgeT CcoOOH Oolee IOAPOOHYIO 3alch IIPOYHTAHHOIO, C
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— TE3HCHl — KPaTKO C(OPMYIHPOBAHHBIE ITOIOKEHHS, OCHOBHEIE ITOJIOKEHHSI KHHTH,
cTaThbH. Kak mpaBHIIO, TE3HCHI COCTABIIIOTCS ITOCHE ITPeJABAPHTEILHOIO 3HAKOMCTBA ¢ TEKCTOM
HCTOYHHKA, ITPH €TI0 ITOBTOPHOM ITpouTeHHH. OHH ITOMOTAaX0T 3allOMHHTh H CHCTEMAaTH3HPOBATh
HH(pOPMAIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bomnbnryro pons B YCBOEHHH H ITIOBTOPEHHH MPOMASHHOrO MaTepHalda HrpaeT XOPOIIHit
KOHCIIEKT, COJIepKallliii OCHOBHBIE HJeH IIPOYHTAaHHOIO B Y4eOHHKE H YCIBIIIAHHOTO B JIEKI[HH.
KoHcIekT — 3T0, 1o CyHIecTBY, HAOPOCOK, Pa3BEPHYTHIH IUIaH CBSI3HOTO paccKasa II0 OCHOBHEIM
BOITPOCAM TEMBI.

B Kkakoil-TO Mepe KOHCHEKT pacCYHTaH (B 3aBHCHMOCTH OT HHIHBHYaJIbHBIX
ocOoOeHHOCTEH CTYJeHTa) He TOIBKO Ha HMHTE/UIEKTYaIbHYIO H SMOI[HOHAILHYIO, HO H Ha
3PHTENbHYIO ITaMATh, ITPHYEM TEKCT KOHCIIEKTAa HEPEJKO aCCOLHHPYETCH eIle H C TEKCTOM
yueOHHKA WIH 3aIlHChIO JeKI[HH. [loaToMy Jjerdye 3alloMHHAaeTcs cojepkKaHHe KOHCIIEKTOB,
HaITHCAaHHBIX Pa300puYHBO, C ITOJUEPKHBAHHEM HIIH BBIJEICHHEM Pa3psSAKOH KIIIOYEBHIX CIIOB H
(hpas.

CaMOCTOSTEIbHO H3YYeHHBIe TeMBbl IIPeJOCTABISIOTCS IIperojaBaTel0 B  (opme
KOHCIIEKTa, II0 KOTOPOMY ITPOHCXOAHUT cobecemoBaHme. TeopeTHyeckie TeMBI Kypca (OTAeIbHEBIE

EGHPGGBI): BBIHOCHMBIC Hd CAMOCTOATCIIPHOC H3YVUCHHC, ITPECACTABIICHBI HHIKE.
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VYuyedono-memoouueckoe 1 UHPOpMAULOHHOe 00ecneueHie 0UCUNIIUHbL

Ilepeuens 0CHO6HOI U 0ONOIHUMEALHOU JIUMEPAMYPbl, HEODXO00UMOU 011 0C60EHUA
OUCUUNIUHDL

IlTepeuens ocHo6HOU JUMeEPAMYPBHL:

1. beccoHora JI.A. TeopeTHuecKHe OCHOBBHI 3JIEKTPOTEXHHKH. IDINEKTPHUECKHE I[EIIH. -
Mocksa: IOpamnr, 2013.- 701 c.

2. becconoBa JI.A. TeopeTHUeCKHE OCHOBEI 3JIEKTPOTEXHHKH. DJIEKTPOMAarHHTHOE IIOJIE. -
Mockga: IOpanr, 2014.- 317 c.

3. CvupHoB HO.A. OU3HYECKHE OCHOBBI ANEKTPOTEXHHKH.- CaHKT [leTepOypr: JlaHb,

2013.- 560 c.

Ilepeuens 0ononnumebHOU aUMEPAMYPbL:
1. JKaBopoHKOB M.A. DIEKTPOTEXHHKA H 3JIeKTpOoHHKA.- Mockea: Axkagemus, 2012.

2. I'omppGepr O.J1. DOnekrpoMmexannka.- Mocksa: Axagemus, 2012,

Ilepeuens yuedOHO-MemoOUUECKOZ0 oODecnedeHUus CcamoCmoasmenbHoil padomsl
odyuaroniuxca no 0ucUUnIHe

1. Merognueckne peKOMEHAALMH IS IIOATOTOBKH K Ia0OpaTOPHBIM 3aHSATHSAM IIO
IMICIIMIIIHHE « OIEKTPOTEXHHKAY .

2. MetoauyecKkHe peKOMEHIALIHI 10 OPraHH3aIMH CaAMOCTOSTEIIbHOM PadOThl CTYIEHTOB

IO M CITIITIITHE <« SHE:I{TIJGTE}{HI]I{H}}.

Ilepeuens pecypcoé uUH@OPMAUUOHHO-MENEKOMMYHUKAUUOHHOU cemu Humeprem,

Heo0X00UMBbBIX 01 0C60eHUA OUCHUUNIILHbL
1. http://www .biblioclub.ru -3BC "YHuBepcureTckass OHOIHOTEKA OHIAHH"

2. http://www 1prbookshop.r/ - BnexkrponHo- 6udmioreuHas cuctema IPRbooks

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
103



